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Research of the past ten years has remarkably expanded knowledge of 
carcinogenesis and of the diagnosis and treatment of cancer. The clinician 
is now able to control the growth of cancerous tissue more effectively than 
ever before. As a consequence, both laymen and research investigators 
have approached the problem of cancer and its curability from a more 
optimistic point of view. 

This optimism led to the tremendous public concern about cancer and 
the necessity for bringing it under adequate control. The accumulation 
of basic scientific data or the report of several cases of cancer cured is not 
very satisfactory to many people, which of course is a natural reaction to 
the data on the morbidity of cancer that have been presented during the 
past decade. These data tell us that cancer now claims more lives in this 
country than any other disease except disorders of the heart. In 1950 
cancer claimed 211,090 lives (1), and by 1975 this figure may be anticipated 
to approach 330,000—if cancer cannot be bridled more extensively by 
control measures. 

Estimates of the number of purported cases of cancer presented annually 
are difficult to determine. In the first place, the cured patient is not always 
brought to the attention of statisticians because the true diagnosis of his 
case is usually confined to his doctors, family, or immediate friends. To 
keep a registry of all cancer cases cured is a difficult and time-consuming 
task, and attempts to do so have not always been successful. Denmark 
for many years has maintained an efficient and useful registry. However, 
it was reported recently that 23,000 cases of cancer cured in the United 
States annually may be a conservative estimate (2). This includes cancer 
of the skin, for which the rate of cure is greater than 90 percent. While 





1 Parts of this paper were presented in a symposium lecture series on December 7, 1951, at the Naval Medical 
School of the National Naval Medical Center, Bethesda, Md. 
9 National Institutes of Health, Public Health Service, Federal Security Agency. 
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this figure indicates that some types of cancer can be controlled, it also 
opens a challenging job confronting us. 

Perhaps the mortality rate for cancer could be substantially lowered 
were more people alert to the signs and symptoms of the disease, and were 
more cases of cancer diagnosed early so that more malignant growths could 
be cured with presently available methods. Although no single cause and 
no universal cure for cancer are known, enough knowledge is already at 
hand to save thousands of lives each year. The following table 1, taken 
from a paper by Steiner (2), shows how much might be done for cancer of 
certain sites. 








TABLE 1.—Comparison of number of cancer cases cured with maximum number that 
might be cured by present control measures* 
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*T hese data are taken from the paper “‘ An Evaluation of the Cancer Problem,” delivered asa Presidential Address 
by Dr. Paul E. Steiner (2). These figures include skin cancer, but not melanoma. The data in column #8 
are derived from reports in the literature, consultations with specialists and general practitioners, and from 
Steiner’s studies: Steiner, Paul E., Cancer Research 12: 455-464, 1952. 


The present paper deals chiefly with an attempt to integrate certain 
recent advances in cancer research to illustrate the scope of the problem 
of control of cancer and the multiplicity of approaches that must be 
employed to implement a program of control. Correlation of already 
known facts may reveal more precisely the gaps that need attention. 

Ordinary daily reading matter continually cites interesting, some- 
times startling, new findings which emanate from cancer research labora- 
tories and clinics. Unfortunately, such accounts do not usually state the 
connection between the latest announcement and previous development 
of the work in the laboratory. Nor do they report the relationship 
between the new discovery and the immediate problem of the control of 
cancer. 

A universal cure for cancer does not appear to be an immediate proba- 
bility. At the moment, however, there are curative measures for cancer 
of specific types. Complete excision of an early breast cancer is one 
example. Statistical evidence shows that cancer is far more amenable to 
cure when in its localized stage than it is following regional involvement or 
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metastasis. Within such evidence lies a basic and highly significant 
difference between the control of cancer and the control of other diseases. 
In the treatment of cancer, the speed and efficiency with which diagnostic 
and therapeutic facilities are utilized determines the survival of the patient. 
Hence, two major responsibilities of cancer control should be: 1) to find and 
effectively utilize means to shorten the time between the onset of the 
disease, the diagnosis of the condition, and the initiation of treatment; and 
2) to improve the diagnosis and clinical management of cancer. 

Cancer control, therefore, includes the extensive education of both lay 
and professional people. The patient should be taught to suspect cancer 
when certain signs are detected by himself, and the physician should be 
familiar with the newest diagnostic techniques, therapeutic measures, 
and equipment. It is essential that this educational program be well 
organized and far-reaching to evolve a sensibly cancer-conscious public 
mind—not a dangerously cancerophobic public. The control of cancer and 
the control of communicable diseases, such as syphilis or tuberculosis, fall 
in entirely different categories because the symptoms of cancer in its 
early stages, unlike communicable diseases, are obscure and difficult to 
diagnose. Unfortunately, for the majority of these types of early cancer 
there is no Wassermann or mass-screening X-ray technique that would 
reveal its presence. 

From the public health point of view, cancer control presents a new 
concept which must be effected by diverse means. It is not simply a 
matter of instituting sanitary or other improvements that control the 
spread of the disease. One problem is peculiar to a cancer control pro- 
gram. It stems from the fact that cancer may occur anywhere in the 
body, and the symptoms and course vary with the site of the tumor. 
This, as a matter of fact, has led some cancer investigators to regard cancer 
as many diseases, rather than as a single disease. Such an important con- 
cept cannot be overlooked. 


SCOPE AND NATURE OF THE CANCER CONTROL PROBLEM 


SratTisticaL Data 


One of the primary requisites for the effective control of cancer is a 
knowledge of the nature and scope of the problem. It is not sufficient 
merely to know that cancer is more prevalent now than it was in 1900 or 
1930. Accurate data regarding the distribution of cancer according to 
age, sex, and specific anatomic sites should be available. Geographic 
variations and racial differences should be carefully ascertained. 

The solution of such problems comes from many sources, through both 
public and voluntary observers. Cognizant of the need for such data, 
biometricians of the National Cancer Institute are currently engaged in the 
publication of ten surveys dealing with the morbidity rate for cancer in 
representative metropolitan areas of the United States. These surveys, 
based on data collected in 1947 and 1948, were preceded by ten similar 
studies accomplished ten years ago. In addition to providing current 
information on the cancer problem, the surveys provide comparative data 
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covering a decade. These surveys will be supplemented by a summary, 
similar to a previous project (3), dealing with the cancer problem in the 
United States, and including an interpretation of national trends and 
geographic differences. 

The first five studies, concerning the metropolitan areas of Atlanta, 
Denver, New Orleans, Pittsburgh, and San Francisco, may indicate the 
over-all nature of the problem (4). These data reveal an increase of 34.2 
percent in the incidence of cancer for the years 1937 to 1947. In keeping 
with other available information, the increase is significantly greater in 
men than in women, the percentages being 45.7 and 24.9, respectively. 
Part of these increases are more apparent than real, however, for when the 
“aging of the population” is taken into account, the percentages drop to 
26.6 for the total population, 37.2 for men, and 18.2 for women. It is 
interesting to compare the age-standardized incidence rate with the age- 
standardized mortality rate. During this 10-year period the mortality 
for the total population increased by only 11.6 percent, with an increase of 
19.8 percent for men and 4.7 percent for women. This represents an 
encouraging indication of the course of improvement in diagnostic and 
therapeutic skill during that brief interval. 

The increase in the incidence of cancer is greater for men than that for 
women, for the period from 1937 to 1947. The explanation for this 
marked sex difference may be found in the trend in cancer incidence for 
several anatomic sites. In the Pittsburgh area, for instance, the increase 
of cancer of the respiratory tract, genital organs, urinary organs, and 
skin was considerably greater in men than in women. In general, cancer 
of the breast of women and of the female genital organs, which account 
usually for a large number of the tumors of women, did not increase as 
much as the more prevalent forms of cancer in males. Similar data from 
other surveys of the present series indicate the same conclusion. There 
is no need to dwell on statistical evidence per se, for the story it tells is a 
familiar one. But it is well to re-emphasize the importance of current 
data to the cancer control program. 


EDUCATIONAL PROGRAMS 


A well-organized educational program should abolish the misconception 
that cancer is an incurable disease causing extreme suffering. The publi- 
cation of factual data regarding cancer in its various forms has accom- 
plished much in this respect. The solution of psychological problems that 
the presence of cancer creates, and the services available for the diagnosis 
and treatment of cancer, are being emphasized in such programs. 

Lay education must employ all the educational media available, 
including special pamphlets, newspaper and magazine articles, films, and 
radio-televised presentations. The present program is extensive and 
does reach a wide audience. It receives support from Government 
agencies at all levels, from voluntary organizations specifically concerned 
with the cancer problem in schools, and from a large number of generous 
and commendable civic organizations. 
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A new approach in cancer education for the lay public was instituted 
with the widely accepted film entitled “Breast Self-Examination” that 
was prepared jointly by the American Cancer Society and the National 
Cancer Institute. As its title indicates, the purpose of the film is to 
teach women to discover and report abnormalities of the breast at the 
very earliest indication, so that it may be possible to attain greater 
success in the treatment of breast cancer. Early reports warrant the 
conclusion that early lesions are being detected more often because 
women are being given necessary information. With proper education, 
70 percent of breast cancer could be cured if it were diagnosed early and 
given prompt and adequate treatment (2). At present, more than half 
of the women who develop breast cancer almost always die within 5 years. 
Since breast cancer begins as an accessible, localized tumor, it is relatively 
simple for the women themselves to discover many of the first signs of 
the disease. One of the co-operative ventures of the American Cancer 
Society and the National Cancer Institute has resulted in the develop- 
ment of several widely accepted films dealing with the problem of early 
diagnosis. First in the series is a general film entitled “Cancer: The 
Problem of Early Diagnosis.’’ Other films in the series being distributed 
at the present time are those on breast, uterine, and gastrointestinal 
cancer; two other films, concerned with oral and lung cancer, are still in 
preparation. 

Since 1947, the National Cancer Institute has sponsored a program of 
teaching that reaches all of the Class A four-year medical schools, and 
almost all of the dental schools. Briefly the objectives are: 1) develop- 
ment among students of an awareness of cancer; 2) co-ordination of the 
teaching of facts about cancer to provide a comprehensive concept of the 
disease ; 3) emphasis of the need for group presentation and consultation in 
the diagnosis and treatment of cancer; 4) utilization of current knowledge 
concerning the disease; 5) improvement of medical services for cancer 
patients; 6) stimulation of student interest in cancer research; and 7) par- 
ticipation of the internist in the teaching of facts about cancer.. More 
cancer clinics have been established, thereby increasing facilities and 
services available to cancer patients; more and better histopathologic 
services have developed; improved record-keeping and follow-up services 
have resulted; and closer working relationships between medical schools 
and official health agencies have come about. The teaching program has 
encouraged student research and stimulated the expansion of clinical 
research. The professional education program takes on other forms. 
Many organizations, including the National Cancer Institute, provide 
nationwide traineeships or research fellowships for graduate students. 
It may be said with confidence that the present program co-ordinates the 
activities related to both cancer control and research. 


APPLICATION OF BASIC CANCER RESEARCH 


Much of cancer research is basic scientific investigation. Although its 
immediate objective is not always to find a cause or cure for cancer, basic 
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cancer research does have great immediate value. It often provides the 
tools for research that is related more directly to the problem of cancer 
in man. Basic medical research has far-reaching significance for sufferers 
of disease other than cancer; some of the studies are of consequence in 
other realms of scientific endeavor, all are indications of the extent to 
which the medical research scientist has become the master of many 
unknown quantities, and all of them point out the complexity of the 
cancer research problem, its cause, prevention, treatment, and ultimate 
control. 

We are convinced that basic cancer research that helps us to under- 
stand the carcinogenic process and tumor development will then lead to 
improved methods in diagnosis, control, and therapy. Basic cancer 
research provides the tools for clinical research that are more directly 
related to the problem of cancer in man. Cancer research is aimed at 
finding out how cancer begins and continues to grow, as well as how it can 
be diagnosed and treated with the greatest degree of success. Such basic 
investigation has provided some of the answers to the many questions 
about cancer that are uppermost in the minds of laymen and professional 
investigators. Basic cancer research has contributed in a fundamental 
way to the development of an extensive and productive cancer control 
program. The control program really places these research findings on a 
practical level. 

Cancer control, then, must be regarded as an activity that must be 
suitably integrated with cancer research efforts. The two cannot be 
separated if effective results are to be achieved. At the present stage of 
development the control program may be regarded as a continuation of 
research or, perhaps, as applied research. 


ENVIRONMENTAL CANCER 


One aspect of cancer research that can be translated most easily into 
a practical control program is that dealing with environmental cancer. 
Of the very small number of different types of cancer that have a known 
or even a suspected cause, most appear to be the result of continued 
or intermittent exposure to certain physical, chemical, or biologic agents 
of the environment. While there is much disagreement regarding the 
exact nature and the role of some of these so-called environmental cancer- 
igenic factors, there is at the same time much evidence that cannot be 
overlooked in respect to cancer control activities. There is a problem as 
to how control measures can be instituted in the field of environmental 
cancer without causing undue alarm. Nevertheless, the results of research 
investigations and of endemiological studies must be applied in preventive 
medicine. 

Among the environmental factors that have been shown to be canceri- 
genic are: 1) certain products and by-products of the manufacture or 
processing of aniline dyes, coal tar, and petroleum; 2) arsenicals and some 
other inorganic chemicals; and 3) radioactive substances, X radiation, 
and ultraviolet radiation (5). In order that cancer may develop, it is 
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evidently essential that the tissue be exposed to these agents over a long 
period of time, and there is usually a long latent period before specific 
cancer appears. As scientific facts are discovered in research, more and 
more can be done toward preventing cancer due to certain industrial and 
occupational hazards by the initiation of measures which reduce or elimi- 
nate harmful exposure. Cancer of this nature is necessarily classed as 
preventable disease. 

To prevent and control environmental cancer, the first requirement is 
to determine the extent of the specific problem. One extensive research 
program for example is being carried out on environmental carcinogenesis 
at Georgetown University in Washington, D. C., where the National 
Cancer Institute maintains a Cancerigenic Research Laboratory. Since 
1949, this laboratory has pursued studies on environmental cancer-inciting 
agents in three major categories, viz., metals, synthetic oils, and environ- 
mental poisons such as pesticides. Certain data from these studies 
suggest that finely dispersed pure metallic nickel may possibly induce 
cancer in rats (6). These observations may be of particular practical 
significance, since workers in the copper-nickel ore refineries of England 
appear to develop cancer of the lungs, nasal cavity, and sinuses. It 
appears that these workers are exposed to nickel dust and nickel carbonyl 
vapors which, when inhaled, rapidly decompose to carbon monoxide and 
finely dispersed metallic nickel. It is the metallic nickel that is deposited 
then on the respiratory surfaces. 

Gardner induced malignant bone tumors in rabbits by repeated ex- 
posure to beryllium oxide (7). Any relation between these tumors and 
tumors of man can only be speculative. However, beryllium is used in 
the production of the atomic bomb and in the manufacture of metal alloys. 
Thus it appears to be advisable to institute adequate protection against 
repeated exposure to this metal. Research such as this presents intriguing 
data, although more conclusive evidence with respect to human cancer 
must follow such preliminary investigation. Indeed, these examples 
clearly indicate the inseparable relationship between cancer research and 
cancer control activities. 

Environmental cancer is not all in the research stage. Many malig- 
nant human tumors appear to be related to specific types of exposure. 
For example, persons handling certain dye intermediates show a high 
incidence of cancer of the urinary bladder. Since 1895, when such an 
etiological relationship was first discovered, more than 1,000 cases of 
cancer of the urinary bladder have been found among workers in the dye 
industry. The incidence of cancer of the bladder among these workers is 
considerably higher than that of the general male population (8). 
Under such hazards, an active cancer prevention program should be 
established. Safe production and handling methods can be developed, 
and periodic examination of the exposed workers can be instituted. For 
example, examination of urine may present evidence of early cancer; 
periodic cystoscopic examination of exposed workers has already been 
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instituted by several industrial plants for the early detection of such 
cancer. 

Another aspect of environmental cancer is the apparent relationship 
between skin cancer and sunlight, as illustrated in the following table 2. 


TABLE 2.—Sunlight and cancer of the skin* 
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*These data were modified from the work of Harold F. Blum (5) and of Harold F. Dorn (8). 


It is probably sufficient to inform the public that there is apparently a 
relationship between skin cancer and overexposure to direct sunlight, and 
that this relationship appears to be more marked in fair-skinned persons. 

Since the turn of the century, endemiologists have reported a continuous 
increase in the incidence of cancer of the bronchus of the lung, notably 
in men. Between 1937 and 1947, this type of cancer increased 147 
percent in men in the Pittsburgh region (9). Although part of this 
increase may be attributed to improved diagnostic techniques, environ- 
mental factors seem also to have played a part in it. In this respect, 
many studies of cigarette smoking have been initiated. Recent evidence 
suggests that a relationship between cigarette smoking and lung cancer 
may exist (10). Nonetheless, it is clear that all heavy cigarette smokers 
do not develop lung cancer. Do other environmental or even endog- 
enous factors play a part in development of lung cancer? The role of 
a cancer control program in this field must be defined more exactly by 
the cancer research investigator. Pending more definitive information, 
any cancer program should continue to emphasize the early signs and 
symptoms of cancer and the importance of early diagnosis of all forms 
of cancer. 

THE ROLE OF HEREDITY 


The possible influence of hereditary factors in the development of cancer 
in general, or of cancer of a specific site, has long attracted attention. 
The earliest work on human beings in this direction recorded the experi- 
ence of individual families and of twins. Much of this data antedated 
the investigation of genetic factors in experimental tumors of mice. These 
studies have shown a few defects or precancerous conditions that occur 
with such frequency in a few families that they are generally regarded as 
hereditary: retinoblastoma, xeroderma pigmentosum, and multiple in- 
testinal polyposis. In addition, perhaps a hundred so-called “cancer 
families” have been described in which a high percentage of relatives 
developed some form of malignant tumor, frequently of the same type 
(11). 
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With the more common cancers, however, more exacting studies than 
those of the family-tree type are necessary to determine whether the 
multiple occurrence of tumors in families exceeds that expected by chance. 
In recent years, investigations designed to test this have been conducted 
in Denmark, Great Britain, and the United States. For instance, in one 
family from Utah, including 688 individuals, Gardner finds that in women 
over 30 years of age, breast cancer occurs 20 times as frequently as in the 
general population of that state (12). With regard to breast cancer, these 
studies generally agree in showing among mothers and sisters of patients 
a higher frequency of the same disease than found among mothers and 
sisters of women with cancers of other sites (13). For cancer of some sites, 
the evidence is generally conflicting and needs further documentation, and 
for other sites, needs confirmation by additional studies. 

It would seem reasonable to conclude, therefore, that there is as yet 
insufficient evidence—except for the rare tumors and precancerous lesions 
mentioned above and perhaps cancer of the breast—to warrant, as a cancer 
control procedure, repeated examination and follow-up of a patient’s 
brothers and sisters. On the basis of present evidence, this would only 
appear fully indicated in cases with tumors such as retinoblastoma or 
multiple intestinal polyposis or in the probably rare instances of frankly 
cancer-prone families. 

On the experimental side, the extensive work conducted since the 
discovery of the milk factor in mammary tumors of mice in no way elimi- 
nates the importance of genetic factors in animal tumors. It seems clear 
that the milk factor cannot produce tumors in the absence of the genetic 
factor. The value of various genetically “pure” species in isolating other 
cancer-producing factors for experimental purposes needs no emphasis. 
The problem, however, of translating genetic evidence derived from 
animal experimentation to human experience remains unsolved. Among 
women, for example, it appears that risk of mammary cancer is increased 
in women who have never borne children. In some genetically “pure” 
mice this same relationship holds, but in other different inbred strains, 
the reverse is true. 


CLINICAL RESEARCH 


While irradiation and surgery are still regarded as the only recognized 
cures for cancer, numerous other therapeutic agents have caused re- 
missions of the disease, alleviated suffering and pain, and prolonged the 
useful life of many cancer patients. Many noteworthy improvements in 
the methods of surgery and X radiation have been developed. New 
therapeutic agents are also continually being discovered. 

The discovery of ACTH and cortisone has made possible the survival 
of adrenalectomized patients. By the use of these hormones, Huggins 
has been able to halt in some advanced cases the spread of cancer of the 
breast and prostate gland by removal of both adrenal glands. Adrenal- 
ectomy is not to be regarded as a cure, as Huggins himself emphasizes, 
but results to date indicate some hope for patients bearing some types 
of cancer (14). 
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Clinical research has also found a way to permit surgery in cases of 
cancer previously diagnosed as inoperable, through improved surgical 
technique and better management of the patient before and after opera- 
tion. Intra-arterial catheterization, employing nitrogen mustards, anti- 
biotics, and other drugs, has been used effectively to provide some tempo- 
rary alleviation in patients with far advanced neoplasm (15). Recently, 
it was reported that aureomycin, when administered intra-arterially or 
intravenously, may modify inoperable cancer sufficiently to permit 
surgery (16). Hormones have been employed to facilitate surgery in 
cases of cancer of the breast, uterus, and prostate gland. 

Remissions in certain forms of leukemia have been reported with 
increasing frequency by clinical investigators. At the Second National 
Cancer Conference, held at Cincinnati in March 1952, Haddow reported 
temporary short-term remissions in chronic myelogenous leukemia through 
the use of GT-—41 (1:4 dimethylsulfoneoxybutane), a member of a new 
antileukemic drug family. Farber reported temporary remissions in 65 
percent of 245 children having acute leukemia by the use of folic-acid 
antagonists. Amethopterin, aminopterin, and aminoteropterin gave 
equally good results (17). ACTH and cortisone have also given relief 
in acute leukemia (18). Other therapeutic agents that appear to have 
some value in the various forms of leukemia are the nitrogen mustards, 
radioactive phosphorus, triethylene melamine, X ray, urethan, Fowler’s 
solution, and benzene. It should be emphasized that these are not the 
only means of therapy that have been employed in the treatment of 
leukemia. Yet such a list, incomplete as it may be, illustrates the com- 
plexity of this specific cancer problem and the many ways that it can and 
must be attacked. Further, it illustrates the number of agents that can 
be used in the treatment of just one type of cancer. 

It is difficult to assess each individual contribution of cancer research. 
The net result of all such contributions, however, is clearly indicated by 
the fact that the cancer patient of today has a much better chance of 
surviving the disease than did the patient of a decade ago. Increased 
survival certainly best reflects the closeness of the cancer research program 
to the prevention and control of the disease. 


DIAGNOSIS OF CANCER 


To gain the greatest benefit from the best therapeutic measures, the 
diagnosis of cancer must be sought at an early stage. The concept of 
early diagnosis has changed. Some scientific investigators suggest that 
cancer be reached by therapy at its preinvasive stage—before it actually 
exhibits any physical manifestations. The possibility of more universal 
diagnosis at this stage is an open question. 

In cancer of the uterine cervix, for example, there is evidence that pre- 
invasive cancer or carcinoma in situ has a long latent period (probably 
10 years) prior to invasion, and that the lesion may be found in relatively 
young women. A study is currently being initiated in Memphis, Ten- 
nessee, to determine the exact relationship between carcinoma in situ and 
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cervical cancer, and to ascertain the value of vaginal cytology as a mass- 
screening procedure. During the next 3 years, all women over 20 years of 
age in Memphis and in surrounding Shelby County will be offered an oppor- 
tunity to have a cytologic examination for possible uterine cancer at yearly 
intervals. In addition to determining the value of vaginal cytology as a 
diagnostic tool in the general population, it is hoped that such a program 
may clearly emphasize the importance of early diagnosis in cancer. It is 
anticipated that the study will also answer such specific questions as: 
1) What is the mean duration of carcinoma in situ and what is the vari- 
ability around the mean? 2) Does all cervical cancer begin as carcinoma 
in situ? and 3) Does all carcinoma in situ of the uterine cervix proceed to 
invasive cancer? To accomplish this study, the efforts of many groups are 
necessary, including the Shelby County Medical Society and Health De- 
partment, the University of Tennessee College of Medicine and its Institute 
of Pathology, and the National Cancer Institute. 

This is but one aspect of the search for accurate diagnostic tools. In 
this instance, such a complete study can be attempted because a good and 
effective diagnostic tool is available. The cytologic method developed by 
Papanicolaou and Traut, although applicable to a number of body secre- 
tions and excretions, is especially useful in diagnosing cancer of the uterine 
cervix. Variations of the original cytologic technique have been developed 
for the diagnosis of other cancers. An abrasive balloon technique has been 
used successfully in the detection of gastric carcinoma. This consists of 
inserting into the stomach a deflated silk balloon with a thin mesh covering 
(19). When it reaches its destination, the balloon is inflated, and exfoliated 
and other cells from the lining of the stomach adhere to the mesh covering. 
The balloon is then deflated and withdrawn, and a fresh specimen of cells 
is available for microscopic examination. 

Another interesting technique which shows some promise is that 
developed by Rosenthal and Traut (20). Their method consists of 
washing the stomach of the patient with a solution of papain, an enzyme 
which dissolves the mucus on the lining of the stomach and thereby frees 
any cancer cells trapped by the mucus. 

A recent development in the diagnosis of cancer is the use of radioactive 
iodine to pinpoint brain tumors. More recently, human serum albumin 
tagged with I has been used. Di-iodofluorescein dye tagged with iodine 
has also shown success in the localization of brain tumors. Phosphorus 
has been used with limited success in the diagnosis of tumors of the brain 
as well as those of the breast and testicle. Moore (21) of the University of 
Minnesota Medical School reports that the accuracy of localization of 
brain tumors by isotope encephalometry alone is approximately 80 percent. 
With the aid of clinical data, he places the accuracy of the test at 94 percent. 

To date, the development of such diagnostic techniques has somewhat 
improved the lot of the cancer patient. The ideal solution, however, 
would be to find a test which could be given easily and inexpensively to 
a large number of persons and which would be applicable to most anatomic 
sites of the body. Numerous investigators have explored the possibility 








588 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


of a blood test, since there are indications that changes in the blood 
chemistry of cancer patients may occur. Although a wide variety of 
blood tests have been examined, none has been sufficiently reliable for mass- 
screening purposes. Unfortunately, premature excitement and hope has 
followed the announcement of many a blood test or similar tool that may 
possibly be used in cancer diagnosis. Despite the fact that there is no 
blood test for the detection of cancer, it must be emphasized that experi- 
ments suggest that some such tests appear to be accurate in specific 
instances. 

There are a wide variety of other tests that would be just as useful and 
desirable. Physical and chemical analyses of other body fluids, immuno- 
logical reactions, and enzymic procedures, such as the elevation of acid 
phosphatase that accompanies cancer of the prostate gland, are being 
investigated. Numerous radioactive tracers have been employed. It 
must be remembered that not many of the tests afford a clear-cut, definite 
diagnosis of cancer. But many of them do identify malignant tumors in 
people prone to develop cancer. In conjunction with periodic and 
thorough physical examinations, many of these tests offer the hope of 
early diagnosis of cancer. 


CONCLUSION 


A brief review of cancer research and methods of detection and therapy 
of cancer indicates that cancer is controllable in part and that there is 
hope for the individual cancer patient who receives the benefits of early 
diagnosis and therapy. It is possible to draw such a promising conclusion 
because the many and varied results from the cancer research laboratories 
are being put to practical use more quickly than in former times. Some- 
times these results can be used directly in the task of saving human lives; 
sometimes the new knowledge provides the basis for additional study 
which may be expected to yield clinically useful information. 

Cancer control, then, must continue to strike any point where cancer 
research has provided a little knowledge about the carcinogenic process 
with regard to diagnosis, treatment, and prevention. To utilize this 
knowledge effectively, professional and lay education must continue at the 
accelerated pace it has taken in recent years. 

Investigation of diagnostic tools for early cancer must continue with 
vigor, and such knowledge should be pooled so that duplication of effort 
can be avoided. Considerable effort should be expended on studies that 
attempt to answer the riddle of cancer or which lead to more effective 
therapy. Palliation therapy should not be frowned upon, since it can 
prolong the useful and comfortable life of the cancer patient—and who 
knows but that an actual cancer cure may evolve by building upon one 
of these palliative measures of today. 
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A Review of Some Spontaneous Tumors 
in Noninbred Mice’ 


HE EN A. Horn, M. D.?, and Haroun L. Stewart, 
M. D., Laboratory of Pathology, National Cancer 
Institute Bethesda, Md. 


The extensive use of the mouse in cancer research warrants a record 
of the spontaneous tumors reported in this species of animal. Such an 
account should comprise particularly tumors in noninbred mice, since 
these probably represent more truly the natural incidence. Only a few 
workers in experimental cancer research have published reports of spon- 
taneous tumors occurring in any large series of heterologous mice and 
most of these reports appeared before the use of inbred mice was custom- 
ary. Maud Slye, Harriet F. Holmes, and H. Gideon Wells (6—21) have 
been the most active investigators in this field. They have published 
sixteen different papers describing spontaneous tumors in many organs 
of mice. Haaland (1), Jobling (2), Livingood (3), Murray (4), and 
Tyzzer (5) have also contributed important observations on the occurrence 
of spontaneous tumors in heterologous mice. From a collection of 21 
reports, a catalogue and a reference index has been compiled so that 
tumors originating at particular sites may be classified. Although an 
exhaustive review of the literature has not been undertaken, these papers 
represent all of the most important studies on the pathology of tumors 
of noninbred mice.* The original nomenclature of the authors is preserved 
as far as possible. When the present authors believed that the original 
diagnosis of a given tumor was debatable, a notation to that effect is made 
in the text. 

Adrenal Gland 


Cortical adenoma: A tumor 5 mm. in diameter occurred in a female 
animal and was said by the authors to be a “‘misguided interrenal adrenal 


1 Received for publication March 7, 1952. 

2 Present address: Memorial Hospital, High Point, North Carolina. 

3 National Institutes of Health, Public Health Service, Federal Security Agency. 

4 Other publications that contain descriptions of spontaneous tumors are as follows: 

J. V. Andersen: “Uber Carcinome, Sarcome und Lymphomatosis infiltrans bei weissen Ma&usen,’”” Copenhagen, 
1934. 

F. Heim and P. Schwartz: “Review of Tumors.” Pp. 725-808 in “Anatomie und Pathologie der Spontaner- 
krankungen der kleinen Laboratoriumstiere,’’ edited by R. Jaffé, Berlin, J. Springer, 1931. 

A.M. Cloudman: “Spontaneous Neoplasms in Mice.’’ Chapter IV, pp. 168-233 in “‘Biology of the Laboratory 
Mouse,” edited by G. D. Snell. Philadelphia, Blakiston Co., 1941. 
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rest.’”” The tumor was composed of solid masses of cells resembling the 
adrenal cortex (15). 

Mesothelioma: A tumor 5 mm. in diameter, described as a solid tumor 
composed of large cells with abundant cytoplasm, occurred in a male 
mouse. The tumor was designated as a mesothelioma (18). 

A solid white mass occurred in the left adrenal gland in a female mouse. 
The cells of the tumor showed a slight tendency toward alveolar forma- 
tion and metastases occurred in retroperitoneal lymph nodes and perito- 
neum. The tumor was designated as a mesothelioma (15). 

Bilateral tumors of the adrenal gland with metastases to the lungs, 
liver, mesenteric and retroperitoneal lymph nodes occurred in a female 
animal (15). 

Bone 


Osteosarcoma: Twelve tumors were reported in equal numbers of male 
and female mice, 5 tumors occurring in the femur, 4 in the subcutaneous 
tissue, and 3 in the chest wall. The histology of the tumors varied con- 
siderably. Metastases were found in the lungs, liver, mediastinal tissue, 
spleen, and lymph nodes (9). 


Brain and Spinal Cord 


Brains were examined from 16,476 mice and three primary neoplasms 
were found. One neoplasm of the spinal cord was seen. 

Ependymoma: A papillary tumor 1 to 2 mm. in diameter occurred in a 
lateral ventricle of a 16-month-old mouse. The tumor consisted of 
closely packed papillary stalks covered by columnar or cuboidal epithe- 
lium having a delicate stroma (18). 

Endothelioma: A nonencapsulated growth 1 X 2 mm. occurred in the 
cerebral peduncles. The tumor showed abundant collagenous stroma 
and consisted of round cells with nuclei resembling endothelial cells (18). 

Sarcoma: A tumor designated as a “spindle cell sarcoma” was seen in 
the spinal cord of a female mouse (18). 


Gastrointestinal Tract 


ANUs 


Sebaceous adenocarcinoma: Two tumors occurred on the dorsal margin 
of the anus in two mice and infiltrated the rectum and vagina (/). 

Squamous-cell carcinoma: A tumor occurred on the anus of a female 
mouse. There was no associated prolapse (20). 


Buccat Mucosa 


Squamous-cell carcinoma: This tumor was said to have infiltrated the 
jaw muscles and to have “disintegrated” the bone (1). 


CrecuM 


Angiosarcoma (hemangiosarcoma): Two tumors occurred in female albino 
mice aged 24 months and 22% months. Another tumor was seen in a 
gray female mouse aged 26 months (20). 
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Mucinous adenocarcinoma: A single tumor occurred in an albino mouse 
18 months of age and metastasized to regional lymph nodes (20). 

Sarcoma: This tumor occurred in a 28-month-old female albino mouse 
and was designated as an “‘oval cell sarcoma” (20). 


CoLon 


Lymphosarcoma: This neoplasm occurred in a 15-month-old female 
albino mouse. A similar lesion was noted in an adjacent mesenteric 
lymph node (20). 

DvuoDENUM 

Lymphosarcoma: This lesion occurred in a 20-month-old female mouse. 
“Metastases” were said to be present in the liver, spleen, and diaphragm 
(10). (Note: The designation of this lesion is questionable.) 

Esophagus: No tumors reported. 


FORESTOMACH 


Squamous-cell carcinoma: An ulcerated tumor occurred in the cardia of 
a 25-month-old male mouse. Histologically, the tumor was a squamous- 
cell carcinoma with cornification (10). 

Six additional tumors of the squamous-cell type were found in 1 male and 
5 female mice ranging in age from 1 year, 7 months to 2 years, 2 months. 
Metastases occurred to the regional lymph nodes in 4 animals, and in one 
animal extension of the tumor to the liver occurred (4, 10, 14, 20). 

Squamous-cell papilloma: This lesion occurred in the stomach of a 2- 
year-old female mouse (20). 


GLANDULAR STOMACH 


Adenocarcinoma: A tumor 8 mm. in diameter occurred in the pylorus of 
a 31-month-old male mouse and invaded the pancreas and regional lymph 
nodes (10). 

One tumor occurred in the pylorus of a 4%-year-old female mouse and 
metastasized to the peripancreatic lymph nodes (20). 

Another tumor occurred in the pylorus of a 1%-year-old female mouse 
and metastasized to the duodenum and pancreas (20). 

Adenoma: This tumor occurred in the pylorus of a female mouse aged 
1 year, 10 months (20). 

Squamous-cell carcinoma: A nodule measuring 15 X 15 X 12 mm. was 
present in the pylorus of a 2-year-old male mouse. Metastatic tumor was 
found in the mesentery (10, 20). 

A tumor measuring 3 X 1.5 mm. occurred at the limiting ridge in a 27- 
month-old female mouse. Metastases occurred in the omentum, mesen- 
tery, and lymph nodes (14). 


REcTUM 


Adenocarcinoma: A tumor occurred in each of two female mice, aged 21 
months, in which rectal prolapse was present (20). 
Leiomyosarcoma: This tumor occurred in a 27%-month-old male mouse 
in which there was a prolapsed rectum (20). 
222089522 
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Squamous-cell carcinoma: Six tumors occurred in 3 male and 3 female 
mice ranging in age from 17 to 27 months. All 6 mice had prolapsed 
rectal mucosae (20). 

Sarcoma: This tumor was seen in a 25-month-old female mouse and was 
designated as a “spindle cell sarcoma” (20). 


Kidney 


Adenocarcinoma: A firm white nodule, the size of a “small walnut,’ 
occurred in the left kidney of a 22-month-old male mouse. Invasion of 
blood vessels was present (1). 

A solid white, unencapsulated mass occurred in the right kidney of a 
female mouse. Histologically, the tumor had a pseudoalveolar pattern 
(15). 

Adenoma: Three tumors occurred in three male mice and varied from 
3to5mm.indiameter. Microscopically the tumors were seen to be com- 
posed of cords and sheets of large epithelial cells resembling renal epithe- 
lium (18). 

Cystadenoma: A yellow nodule measuring 9 X 8 X 7 mm. occurred in 
the left kidney of a female mouse and was designated as a “‘cystadenoma”’ 
(5). 

A similar tumor measuring 2.2 X 2.0 X 1.5 mm. occurred in the right 
kidney of a female mouse (5). 

Hypernephroma: A tumor occurred in the kidney of a 22-month-old 
mouse. The tumor grew in large sheets of large cells with abundant 
cytoplasm and having an indistinct alveolar arrangement. Diagnosed 
with reservation as a hypernephroma (1). 

A mass measuring 22 X 22 X 18 mm. replaced the left kidney of a male 
mouse. Evidence of considerable hemorrhage and necrosis was present 
in the tumor, which was composed of large foamy cells (15). 

Lymphosarcoma: Two tumors occurred in the kidneys of two female 
mice (14). 

Mesothelioma: Bilateral tumors occurred in the kidneys of a female 
mouse, the left tumor measuring 18 & 12 X 10 mm. and the right 10 x 
6X 6mm. Mlicroscopially, portions of the tumor resembled spindle-cell 
sarcoma while other areas were composed of large polyhedral cells (15). 

Two male mice showed tumors of one kidney, each of which was com- 
posed of small cells with dark round nuclei. These tumors were desig- 
nated as mesotheliomas (15). 

Sarcoma: A tumor measuring 16 X 10 X 10 mm. was present in the 
right kidney of a male mouse. Metastases were found in the regional 
lymph nodes and in the mesentery. The tumor was composed of large 
cells—“larger than lymphocytes” (15). 

A “pink, fleshy” tumor occurred in the left kidney of a female mouse. 
The tumor was said to extend to the opposite renal pelvis. It was 


composed of “round and elongated” cells “growing from blood vessels” 
(16). 
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Another female mouse showed a tumor in one kidney which measured 
28 X 18 X 15mm. and was composed of polyhedral cells (15). 

A bilateral tumor was seen in a female mouse, showing splenic metastases 
(15). (Note: It seems likely that this lesion was a form of malignant 
lymphoma manifested simultaneously in the kidney and spleen.) 


Liver 


Adenoma: In 9,000 mice studied, 23 primary neoplasms were found. 
All tumors were designated as liver-cell adenomas. No hemangiomas 
were seen. No tumors were associated with cestode infestation (8). 

Sarcoma: A white nodule 3 mm. in diameter occurred in the liver 
of a 2's-year-old female mouse. A Cysticercus cyst was also present 
in the liver (4). 

Two mice were described as having sarcomas of the liver (9). 


Lung 


Adenocarcinoma: A tumor 5 mm. in diameter was present in the right 
lung of a white mouse and was composed of irregular columnar or polygonal 
cells (3). 

In a series of 147,132 mice, 2,865 had lung tumors (2%), of which 7 
tumors were epidermoid and the remaining classified as adenoma or 
adenocarcinoma. Of these tumors, 104 showed metastases, with the 
mediastinal lymph nodes being involved in all 104 animals. Other sites 
of metastases were the kidney, heart, skull, and seminal vesicle. Of 
the 104 mice with metastases, 33 had sarcomatous metastases (2/). 

Epidermoid carcinoma: Seven tumors are mentioned above (21). A 
single epidermoid tumor occurred in 6,000 mice studied (6). 

A diffuse growth of squamous-cell carcinoma was reported in the lung 
of onemouse. Crystals were observed in large phagocytic cells throughout 
the pulmonary parenchyma bearing the tumor (4). 

Papillary carcinoma: Six thousand mice were studied, of which 160 
had pulmonary tumors. Twenty tumors were classified as highly 
malignant and four of these produced metastases to mediastinal lymph 
nodes, diaphragm, thoracic wall, and kidney (6). 

Papillary cystadenoma: Nine tumors were found in eight mice, varying 
from 0.5 to 1.5 cm. in their largest dimension. All the tumors showed a 
similar histologic structure, being papillary growths of compact columnar 
to round epithelial cells (2). 

Fifty-two tumors occurred in the lungs of mice, an unstated number of 
which were papillary cystadenomas. ‘These tumors varied in size from 
microscopic nodules to large subpleurally situated tumors. The tumors 
frequently grew into the bronchi. Histologically, they were composed of 
papillary growths, the papillae covered by a single layer of columnar or 
cuboidal epithelium (5). 
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Lymphoid Organs 


Malignant lymphoma: One tumor apparently originated in the thymus 
gland of a female mouse, filling the upper part of the thorax and metastasiz- 
ing to the lower lobe of the right lung (1). 

Six additional “lymphomas” were reported in various groups of lymph 
nodes in 6 mice, as were 10 “leukemic’’ mice (1). 

Four “malignant lymphomas” were reported, 2 described as ‘‘systemic’’ 
and 2 as “local” (4). 

Eleven mice were described as having lymphomas with “metastases in 
pericardium, myocardium, spleen, liver, kidney, pancreas, ovary, omen- 
tum, stomach wall, and bone marrow” (5). (Note: This condition seems 
to be a leukemic form of malignant lymphoma.) 

Lymphosarcoma: Multiple involvement of lymph nodes and spleen was 
reported in a mouse in which the “lungs showed replacement of pulmonary . 
tissue by lymphoid growth.” The cells of the tumor were described as 
small round cells with large, pale, vesicular nuclei. The lesion was 
designated as lymphosarcoma (2). 

Eleven mice (5 female and 6 male) showed tumors in the superior 
mediastinum which grew around and invaded the trachea. Invasion of 
the hila of the lungs also occurred by growth along bronchi and vessels. 
The tumors were designated as mediastinal lymphosarcoma (9). 

Hodgkin’s disease:® A grayish white lobulated mass was found in the 
right inguinal region of a mouse. The tumor was described histologically 
as composed of “cells of lymphoid type, very small; others were large with 
vesicular nuclei. The stroma consisted of delicate reticulum enclosing 
small masses of cells. Eosinophils were present as were cells suggesting 
Reed-Sternberg cells’’ (2). 


Mammary Gland 


Adenocarcinoma: In 288 mice, a total of 311 mammary tumors showing 
reproduction of acinous and duct structures were described. A complete 
and individual classification of these tumors is provided in the text (1). 

A tumor 3.5 cm. in diameter occurred in the breast of the left inguinal 
area in an old white female mouse. The tumor metastasized to the lumbar 
and abdominal muscles and to the right lung. It was transplanted to 
various mice with an incidence of takes up to 40 percent. Microscopically, 
the tumor was compesed of closely packed uniform acini (2). 

A tumor 1.5 cm. in diameter was seen in the breast of the left inguinal 
area of an old white female mouse. It metastasized to the right lung. 
Takes were from 3 to 5 percent when the tumor was transplanted (2). 

A tumor of the right inguinal area of an old female mouse contained two 
large cysts filled with a dark brown fluid. Microscopically, acinous 
structures were present, but the tumor consisted mainly of ducts. The 
tumor was transplanted with 16.6 percent takes (2). 


§ The problem of the occurrence of a lesion in mice resembling Hodgkin’s disease of man is discussed in a forth- 
coming review on lymphomas in mice by Dr. T. B. Dunn of this Laboratory. 
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Two old female mice each had a breast tumor in the inguinal region, 
composed of solid and tubular growths of epithelial cells. Some acini and 
small dilated ducts were present. One tumor was transplanted success- 
fully in 11.9 percent of the mice used (2). 

A Japanese waltzing mouse had a tumor in the anterior neck region that 
was composed of numerous acini and a few cysts. Attempts at trans- 
plantation were unsuccessful (2). 

Four additional mammary tumors were reported in old mice. These 
showed a glandular pattern, in general, with occasional small cysts present. 
One tumor did not grow in transplant but the other three showed up to 
42 percent takes (2). 

Three mice showed firm, encapsulated, lobular growths in the breast 
which were histologically compatible with a diagnosis of adenocarcinoma. 
One tumor metastasized to the lungs (3). 

Seventy-eight adenocarcinomas of the mammary gland were reported (4). 

Four adenocarcinomas of the mammary gland were noted; in two 
instances the lesions were probably multiple (4). 

Alveolar carcinoma: A 2 X 2 cm. tumor was found in the left inguinal 
region of a white female mouse. Histologically the tumor was composed 
of lobules filled with closely packed epithelial cells. The tumor showed 
20 percent takes when transplanted (2). 

Angiosarcoma: The tumor occurred in the left inguinal area of an adult 
female mouse. The tumor was cystic, with blood-filled spaces which 
were seen microscopically to be lined “‘by epithelial elements.” The 
tumor was not successfully transplanted (4). 

Chondrosarcoma: An oval-shaped tumor 1.5 cm. in diameter was noted 
in the left groin of an adult female mouse. It was composed of nodules 
of hyaline cartilage and osteoid tissue and was designated a chondro- 
osteoid sarcoma (4). 

Four tumors described as osteosarcoma or chondro-osteosarcoma of 
the mammary gland are reported. The histology of these tumors varies 
considerably (9). 

Cystadenoma: A fluctuant mass filled with dark fluid was found in the 
right inguinal area. The intracystic surface bore papilliferous masses. 
Microscopically, the tumor was composed of cysts separated by acini. 
It was classified as a hemorrhagic cystadenoma (2). 

A hemorrhagic tumor occurred in the lower left quadrant of a gray 
mouse. It measured 1.3 cm. in diameter and had invaded muscles of the 
thigh. On transplanting the tumor, there were 13 percent takes (2). 

A tumor occurred in the neck of an old white mouse and was described 
as “adenomatous, acini intermingled with masses of epithelial cells.” 
The tumor was said to have been successfully transplanted (2). 

-A small tumor was present in the mammary gland of the right side of 
the thorax, and was composed of “‘cysts made up of dilated acini and lined 
by a single layer of cells.” The cysts contained eosinophilic material (2). 

Mized tumors: Three tumors were reported in three mice. These were 
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designated as “mixed tumors’ composed of both epithelial and sarcoma- 
tous elements (9). 

Molluscoidal tumors: One tumor was reported as being a molluscoidal 
tumor, i.e. resembling histologically the lesion of molluscum contagiosum 
(1). 

A grayish white mass 2 X 3 cm. occurred in the right inguinal region 
of a fully grown brown female mouse. The tumor grew “in columns of 
irregular masses of keratohyalin” and penetrated the abdominal muscles 
(2). 

In 28,000 consecutive autopsies, squamous-cell keratinizing tumors of 
the molluscoidal type were found in mammary glands of 1 male and 55 
female mice (14). 

A similar tumor occurred near the left axilla in a 15-month-old brown 
female mouse. It was a grayish white lobulated mass, presenting many 
small hemorrhagic areas and composed of packed acini lined by a single 
layer of epithelium. This tumor was successfully transplanted with 15.7 
percent takes. It was also classified as a hemorrhagic cystadenoma (2). 

Four tumors occurred in various mammary areas in four “old” white 
mice. These tumors were composed of dark brown tissue containing 
cysts filled with dark fluid. Three of these were successfully transplanted. 
All tumors were classified as hemorrhagic cystadenomas (2). 

Hemorrhagic adenoma: A cystic tumor filled with dark brown fluid 
occurred in the right axillary area of an old brown mouse. Papillary 
excrescences hung from the internal surface of the tumor. Microscopi- 
cally, the tumor was composed of lobules of closely packed acini; the 
stroma supported large phagocytic cells. A metastasis to the lung was 
noted. This tumor was classified as a “hemorrhagic adenoma”’ (2). 

A tumor 2.5 cm. in diameter was found in the right inguinal area of an 
old white mouse. There were many hemorrhages throughout the tumor. 
Histologically, it showed a varied epithelial pattern, sometimes display- 
ing a glandular pattern and elsewhere solid lobules of cells. Tumors were 
produced in 21 percent of the animals to which the original tumor was 
transplanted (2). 

Squamous-cell carcinoma: One squamous-cell carcinoma of the mam- 
mary gland was reported (4). 

Sarcoma: One sarcoma, designated as a spindle-cell sarcoma was 
reported (4). ‘ 

Muscle 


Sarcoma: A soft, white mass in the muscles of the thigh was reported 
in a male mouse and was called a spindle-cell sarcoma (1). 


Nasal Cavity 


Squamous-cell carcinoma: A squamous-cell carcinoma arising in the 
nasal cavity and metastasizing to the brain was successfully propagated 
to other mice (1). 
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Orbit 


Sarcoma: A tumor 3 cm. in diameter arose in the right orbit of a 2-year- 
old female mouse of Family A. The tumor extended over the forehead 
into the left eye and was said to be “‘composed of cells resembling fibroglial 
fibrils of connective tissue cells” (5). 


Ovary 


Alveolar carcinoma: A single tumor the size of a “hazel nut’’ was de- 
scribed in the left ovary and was composed of large alveoli filled with 
epithelial tumor cells from the follicle (1). 

Four mice were reported to have ovarian tumors, two of them with 
bilateral involvement. All tumors were composed of low cuboidal 
epithelium arranged in irregular glandlike spaces and designated as 
alveolar-cell carcinomas. One tumor showed lymphatic permeation (5). 

Benign tumors: Of 22,000 mice observed, 46 primary ovarian tumors 
were found of which 38 were classified as benign. None were identified 
as lutein-cell tumors, fibromas or myofibromas. In half of the 38 mice, 
the tumors were bilateral. They ranged from 3 to 10 mm. in diameter, 
and had a distinct capsule and a firm, white lobulated surface. Histo- 
logically, they exhibited a compact growth of two cell types: 1) low 
cuboidal epithelial cells, and 2) spindle-shaped cells (13). 

Leiomyoma: A leiomyoma was reported in the left ovary (2). 

Mesothelioma: A tumor designated as a mesothelioma and believed to 
have arisen in the ovary was reported (13). (Note: The site of origin 
of this tumor is open to question.) 

Papillary adenocarcinoma: A single ‘‘pea-sized’”’ tumor in the right 
ovary was reported (1). 

Papillary cystadenoma: A bilateral tumor was reported (2). 

Sarcoma: Two tumors designated as “round cell sarcoma”’ were found 
in the right ovaries of two mice. In one mouse, metastases had occurred 
to the mesentery and left kidney, and in the other mouse to the liver and 
right kidney (13). 

Teratoma: A tumor measuring 20 X 18 mm. was seen in the left ovary. 
Microscopically, it showed cavities lined by squamous epithelium, 
spaces lined with pseudostratified epithelium or with cuboidal or columnar 
cells. Cartilage was present as were pigmented cells suggesting retina 
(13). 

A second tumor reported in another mouse measured 30 X 15 X 15 
mm. No true hair follicles or sebaceous glands were seen in this tumor. 
Plugs of squamous epithelium were seen throughout the tumor (13). 


Pancreas 


In 125,000 mice autopsied, only two primary pancreatic tumors were 
found. One tumor occurring in a 2-year-old female mouse measured 
12 X 10 X 10mm. It extended to the duodenum and metastasized to the 
regional lymph nodes. Histologically, the tumor was said to be com- 
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posed of round cells with small dark nuclei and abundant cytoplasm, 
arranged in atypical acini. Another tumor was observed in a 1-year-old 
male mouse; it was a soft, hemorrhagic mass measuring 25 X 19 X 19 
mm. and composed of large epithelial cells, irregular in size and arrange- 
ment. Both these tumors are presumed to be of islet-cell origin (19). 


Pituitary Gland 


In examining the brains of 16,188 mice, one tumor of the pituitary 
gland was found. The tumor, located in the anterior lobe of the gland, 
occurred in a 14-month-old mouse. The tumor invaded the meninges. 
It was a cellular growth having large vesicular nuclei that were either 
round or oval. The cells were arranged in cords. Dilated thin-walled 
blood vessels were prominent (18). 


Preputial Gland 


A single tumor was reported in a preputial gland and it was successfully 
propagated for six generations. The tumor was classified as an adeno- 
carcinoma and histologically resembled a normal gland (1). 


Seminal Vesicle 


One tumor was reported as occurring in a seminal vesicle. It measured 

10 X 8 X 8 mm. and was classified as a polymorphous-cell tumor (12). 
Skin 

Basal-cell carcinoma: Nine female and six male mice were seen to have 
these tumors on the face, ears, and head (14). 

Melanoma: One tumor designated as a melanoma occurred on the ear 
of a 14-month-old female. The tumor measured 5 X 5 mm. and had a 
deep black color. Metastases were present in a lymph node in the right 
side of the neck. Attempts at transplanting the tumor failed. Micro- 
scopically the tumor was composed of “large cells filled with pigment 
granules” (1). 

Sebaceous adenocarcinoma: This type of tumor occurred in two mice on 
the dorsal margin of the anus (1). 

Squamous-cell carcinoma: Tumors of this type were found in 49 female 
and 21 male mice. These lesions were distributed as follows: 13 on the 
trunk, 2 on the vulva, 15 on the lower jaw, 18 on the face, and 23 on the 
ears and neck (14). 


Squamous verrucae: Three verrucous growths of this type were reported: 
1 each on the vulva, anus, and left flank (1). 


Testis 


Interstitial-cell tumors: In 9,500 autopsies performed on male mice, 28 
testicular tumors were found. None were observed in ectopic testicles 
and no example of teratoid types was seen. Seven mice had multiple 
tumors. The age of the mice varied from 9 months to 2 years, 10 months. 
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The tumors developed slowly, rarely ulcerated, and generally were 
distinctly limited by the tunica albuginea. The smallest tumor measured 
5 mm. in diameter and the largest 30 X 23 XK 23 mm. Typically, the 
tumors were composed of “large cells with abundant pale cytoplasm and 
vesicular nuclei—often markedly so, with chromatin in coarse granules.”’ 
The cells tended to be arranged in cords with scant stroma. ‘The 
capsule was often invaded but not perforated.” These tumors probably 
could be classified as interstitial-cell tumors (12). 

Sarcoma: Two spindle-cell sarcomas and 3 angiosarcomas also occurred 
in the above group of animals (13). 


Thyroid Gland 


Carcinoma: Two tumors were reported in two 13-month-old females. 
One tumor was a yellow mass 13 mm. in diameter while the other tumor 
measured 14 X 9 X 9 mm. (17). 

An additional adenocarcinoma was noted in the thyroid gland of a 
14-month-old male mouse and involved both lobes of the gland. Me- 
tastases were present in the lungs (17). 

Carcinosarcoma: A bilateral growth occurred in the thyroid gland of a 
9-month-old female mouse. Metastases to the lungs were noted (17). 

Two additional mixed epithelial and spindle-cell growths were reported 
in 2 female mice (17). 

Fibroangiosarcoma: This tumor occurred in the right lobe of the gland 
in a 30-month-old male mouse (17). 

Fibrosarcoma: A single tumor occurred in the right side of the neck in 
a 9-month-old female mouse and was designated as a fibrosarcoma of the 
thyroid gland (17). 

Uterus 


Adenoma: A tumor 10 mm. in diameter occurred in the left uterine horn 
and was seen to be composed of tubular elements lined by “typical 
columnar epithelium.” The tumor was designated a “mucous membrane 
adenoma” (16). 

Fibromyoma: This tumor occurred in the left uterine horn and was 
composed of interlacing bundles of smooth muscle and cellular fibrous 
tissue (1). 

In a second series of 39,000 mice, 11 leiomyomas were found varying from 
3 to 8 mm. in diameter and showing hyalinization, necrosis, and calci- 
fication. No malignant change was seen (16). 

Mesothelioma: Two tumors in female mice designated as mesotheliomas 
showed metastases to the liver, ovaries, and right kidney (16). 

Mized tumor: One such tumor was reported. A “secondary mass” 
was said to involve stomach, liver, spleen, pancreas, ovaries, and retro- 
peritoneal tissue (16). 

Sarcoma: A single “round cell sarcoma” and three “spindle cell sar- 


comas” were reported. One spindle-cell sarcoma metastasized to the 
diaphragm (16). 
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Teratoma: One teratoma occurring in the cervix uteri was found. 
The tumor contained embryonic cartilage, atypical tubular and glandular 
structures, islands of bone with atypical marrow, squamous epithelium, 
neuroglia, and areas of lymphoid tissue (16). 


Vagina 


A single squamous-cell carcinoma of the vagina was reported. The 
tumor measured 15 X 12 X 10 mm. (14). 


Vulva 


Squamous-cell carcinoma: Two tumors of the vulva were seen in old 
females. Both lesions were condylomatous; one showed lymphatic in- 
volvement while the other showed in addition peri-rectal spread and 
invasion of the right ureter (14). 


Squamous-cell verruca: A single verrucous squamous-cell growth was 
reported (1). 
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Splenomegaly With Excess Numbers 
of Kurloff Cells in Guinea Pigs Treated 
With Stilbestrol *’ 


Eur M. Napet, M.D., Laboratory of Pathology, 
National Cancer Institute,’ Bethesda, Md. 


While studying the interrelationship of the metabolism of estrogen and 
of ascorbic acid (2) and the histogenesis of stilbestrol-induced tumors in the 
guinea pig (3), it was found that all guinea pigs treated with stilbestrol 
had developed splenomegaly. The enlarged spleen contained numerous 
mononuclear cells with peculiar cytoplasmic inclusion bodies. Further 
study* indicated that these unusual cells and their inclusion bodies were 
identical with those seen by Kurloff (4) and by Foa and Carbonne (4) in 
the peripheral blood of the guinea pig. It was noted that the inclusions, 
best known as Kurloff bodies, were stained brilliant reddish purple by the 
periodic acid-Schiff reaction (3) and that the use of this procedure enabled 
one to locate quickly the cells containing them, either in paraffin sections 
or in tissue imprints. An excellent study of the cytochemical character- 
istics of the Kurloff body appeared in the publication by Pearse (6), who 
suggested that the material in the Kurloff body was probably mucoprotein. 

Although the nature and origin of the Kurloff cell and its inclusion body 
have aroused curiosity since their discovery in 1889 (4, 5), Ledingham (7) 
was the first to indicate, in 1940, the probable presence of a direct rela- 
tionship between estrogens and the number of Kurloff cells in the periph- 
eral blood of the guinea pig. Indirect evidence for such a relationship 
had been presented in an early review by Jordan (8). 

In this report, the original observations made in 1948 (Series I) are 
presented as well as additional data on the effects of various experimental 
conditions both on the weight of the spleen and on the occurrence of 
Kurloff cells in the peripheral blood and in the spleen and other organs 
of the guinea pig. 

METHODS 


One hundred and ten hybrid guinea pigs were studied in four series of 
experiments. Six-week-old male guinea pigs of similar weights were used, 


1 Received for publication April 23, 1952. 

2 A portion of this work was presented as an abstract at the 49th meeting of the American Society of Pathologists 
and Bacteriologists in New York, N. Y., in April 1952 (1). 

3 National Institutes of Health, Public Health Service, Federal Security Agency. 


4 Presented at a meeting of the Cancer Research Society, Washington University School of Medicine, St. Louis, 
Mo., November 27, 1949. 
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with a few exceptions as noted. Unless otherwise stated, the diet was 
Purina laboratory chow, cabbage and carrots. Water was given ad 
libitum. Two to four animals were caged together in all but Series III 
and Series IV, where they were individually caged. All animals were 
killed by a blow on the head. Autopsies were complete except for exam- 
ination of the nervous system, and all hormone pellets implanted were 
recovered. Tissues were fixed in 10 percent formalin, in Zenker’s fluid 
with acetic acid, and in 80 percent alcohol. Paraffin sections were 
stained by the periodic acid-Schiff reaction (9) (figs. 1, 2). Imprints of 
the spleen were made by lightly touching a freshly cut cross section of the 
spleen to a clean slide. The imprints were air-dried or fixed wet in “‘Susa’”’ 
fluid, Zenker’s fluid with acetic acid, or in ether:alcohol (50:50) mixture. 
Splenic imprints were stained with thionin (fig. 3), toluidine blue, by the 
periodic acid-Schiff technique (fig. 4), and with methylene blue (fig. 5). 
Unless otherwise noted the staining procedures used were based on the 
techniques described by Lillie (10). Estimations of the number of 
Kurloff cells were made by noting those found in counts of 100 or 200 
cells in coverslip preparations of the peripheral blood drawn from the 
external ear. Wright’s stain (fig. 6) was used on dry smears and the 
supravital method of Cunningham and Tompkins (1/1) on fresh blood.® 
In counting the cells of splenic imprints, lymphoid follicles were avoided. 
All nuclei in a field were counted until 100 cells had been examined, and 
the number of cells with Kurloff bodies was recorded. Four to eight fields 
were examined in determining the percentage of Kurloff cells among the 
leukocytes present in imprints from each animal. Standard errors of the 
means were estimated by the method of Mantel (72). In Series IV, 
whole-body X radiation was administered from a 200 KV (20 MA) machine 
individually to each animal. The dosage, measured in air as 550 r, was 
delivered at a target distance of 50 cm. over a 10-minute period to each 
animal in an uncovered lightweight cardboard container. Copper (0.25 
mm.) and aluminum (0.51 mm.) filters were used.® 

Series I: The effect of stilbestrol and of scurvy on the weight of the spleen.— 
Twenty-seven female animals were fed a scorbutigenic diet supplemented 
with measured amounts of ascorbic acid sufficient to prevent scurvy. 
Twelve of these were treated with implants of stilbestrol pellets and fifteen 
were untreated. Six additional untreated animals were fed the unsup- 
plemented diet. Fourteen days later, all of the animals were autopsied. 
The diet and methods used have been described previously (2). The 
results appear in table 1. 


5 Supravital counts were made by Sue Mayes of the Hematology Laboratory, Department of Internal 
Medicine, Washington University School of Medicine, St. Louis, Mo. 

6 Various members of the staff of the Laboratory of Physical Biology, National Institute of Arthritisand Meta- 
bolic Diseases, were kind enough to assist in the experiments on whole-body X radiation. 
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TABLE 1.—Weight of the spleens of normal, scorbutic, and stilbestrol-treated guinea pigs* 


























. Mean Mean 
Series I: N — body Standard | spleen | Standard 
Group animals | Weight error weight error 
(gm.) (mg.) 
a ee 15 281 +4.5 426 +20.0 
2. Stilbestrol-treatedf..... 12 294 +5.0 888 +81.7 
3. Seorbuticf... 0... 6 235 +15.0 315 + 26.7 








*Animals were of similar weights, all females, and 6 weeks old at start of experiment. 


tFourteen days. 


Series II: The effect of stilbestrol on the Kurloff-cell count in the peripheral 
blood.—Of 29 guinea pigs, 12 received implants of stilbestrol (15 mg.). 
Kurloff-cell counts were recorded at 


Seventeen animals were untreated. 


3-day to 7-day intervals for a 14-day period. The results appear in table 2. 


TABLE 2. 


treated with stilbestrolt 


—Number_of Kurloff cells* in the peripheral blood of guinea pigst 








Number of Kurloff 























_ Duration cells* per 100 
Series II: ae — of treat- leukocytes 
Group animals ment 

Mear Range 

(days) | | . 

Pe saw eal ean wren 8 MN sos ice: siete sscaiatedetl 3 0-9 
ee 9 a See 7 1-9 
3. Stilbestrol-treated... . 12 , eee 7 12 10-15 
9 21 19-24 
12 23 18-29 
14 32 23-35 








*Number of leukocytes containing Kurloff bodies. 
+Guinea pigs were 6 weeks old at the beginning of the experiment. . 
t~No increase in Kurloff cells occurred after treatment with either testosterone or desoxycorticosterone. 


related experiment, 12 male guinea pigs were separated into equal groups. 
testosterone propionate (75 mg.) and six received implants of desoxycorticosterone acetate (75 mg.). 


Ina 


Six animals received implants of 
After 14 


days of treatment, the average number of Kurloff cells in the peripheral blood was 5 percent for the former 
group, and 7 percent for those receiving desoxycorticosterone. 
§To the nearest whole number. 


Series III: The effect of stilbestrol and cortisone upon the weight of the 
spleen and the Kurloff-cell count of the spleen.—Sixteen animals were ar- 
Four animals received implants of stilbestrol 


ranged in three groups. 


(15 mg.). 


acetate (6 to 12 mg. twice weekly). 
for 47 to 54 days. 


controls. 





Six others received intramuscular injections of cortisone 
Hormonal treatment was maintained 


The results appear in table 3. 


Six additional animals were kept as normal untreated 
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TaBLE 3.— Weight of spleen and number of an cells in spleen of normal, stilbestrol- 
treated, and cortisone-treated guinea pigs*f 














F | | Kurloff cells 
Num- Mean Mean (percent)} 
Series III: ber of body Standard spleen Standard 
Group —_4 weight error weight error 
mals Standard 
(gm.) (mg.) Mean error 
Bi aie x axes 6 589 + 30.8 721 +51.0 3.1 | +0.66 
2. Stilbestrol- 
treated§........ .| 4 420 | +27.5| 1,575 | +289.0| 40.7| +8.75 
3. Cortisone-treated§ 6 502 +21.7 61 +29.0 1.8 | +0.66 




















*Animals were of similar weights and 6 weeks old at the beginning of treatment. 

tThere was no increase in spleen weight or in Kurloff cells in animals treated with desoxycorticosterone. In a 
related experiment, 6 animals received pellet implants of 15 mg. of desoxycorticosterone acetate. The mean body 
weight of these animals was 488 gm., and their mean spleen weight was 658 mg. The mean percentage of Kurloff 
cells of implants of the spleen was 2.1 percent. 

Percentof cellscontaining Kurloff bodies in leukocytes of imprints of spleen. 

§Forty-seven to fifty-four days of treatment. 





Series IV: The effect of whole-body X radiation on the weight of the spleen 
and the Kurloff-cell count of the spleen in normal and stilbestrol-treated 
guinea pigs.—Thirty-two animals of similar weights and approximately 
6 months old were divided into equal groups. One group received pellet 
implants of stilbestrol (15 mg.); the other group was untreated. Eight 
weeks after implantation of the pellets, 8 animals from each group were 
exposed to a single dose of whole-body X radiation (550 r) administered 
individually to each animal during a 10-minute period. All of the 32 
animals were autopsied 5 days afterward. The results appear in table 4. 
TaBLeE 4.—Effect of a single lethal dose of whole-body X radiation on the weight of the 


spleen and the number of Kurloff cells in the spleen of normal and stilbestrol-treated 
guinea pigs* 











| Kurloff cells 
| Num- Mean | Mean (percent)t 
Series IV: berof | body Standard spleen Standard 
Group ani- | weight error weight error | 
mals | Mean | Standard 
(gm.) (mg.) —— sa 

1. Normal.........| 8 720 | 447.5 693 +33.0| 7 | 40.52 
2. X radiation alone. 8 724 +13.1 422 +3.8 9 +1.50 
3. Stilbestrol- | 

treatedy......... 8 685 +11.1 1,656 + 110.6 37 + 1.38 
4. Stilbestrol treat- 

ment{ followed 

by X radiation... 8 615 + 25.0 891 + 22.3 44 + 2.78 























*Animals were of similar weight and 6 months old at the start of stilbestrol treatment. 
¢ Percentage of cells containing Kurloff bodies in leukocytes of imprints of the spleen. 
Animals were treated with stilbestrol for 8 weeks prior to X radiation, 


RESULTS 


WEIGHT OF SPLEEN 


The spleen of stilbestrol-treated animals was firmer in consistency and 
larger in size than the spleen of animals otherwise treated (fig. 7). In 
Series I, the average weight of the spleen of animals treated with 
stilbestrol for 2 weeks was 888 mg., in contrast to the spleen of normal 
untreated animals which weighed 426 mg., and 315 mg. for the scorbutic 
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group (table 1). In Series III, the average spleen weight of guinea pigs 
treated with stilbestrol for 7 to 8 weeks was 1,575 mg. in contrast to 721 
mg. for the normal untreated group and 610 mg. for the cortisone-treated 
group (table 3). Thus, the stilbestrol-treated animals in Series I and 
in Series IIT had spleens weighing more than twice those of the untreated 
controls. On a percentage basis, the stilbestrol-treated animals had 
spleens that were more than 100 percent heavier than the spleens of the 
untreated controls, and more than 150 percent heavier than the spleens 
of the scorbutic or of the cortisone-treated animals. 

The enlargement of the spleen after stilbestrol therapy was greatest in 
the older animals of Series IV, in which treatment had been continued for 
8 weeks. The average weight of the spleen of the stilbestrol-treated group 
was 1,656 mg., in contrast to 693 mg. for the untreated controls. This 
represents an increase of over 140 percent in spleen weight of the stil- 
bestrol-treated group. Five days after exposure to a large dose of whole- 
body X radiation, although there was a decrease in the weight of the 
spleen of both the stilbestrol-treated group and the controls, the group 
receiving stilbestrol had spleens that were still more than twice as heavy 
as those of the controls. The average spleen weight of the group receiving 
both stilbestrol and X radiation was 891 mg., a decrease of 46 percent 
from 1,656 mg., while the average spleen weight of the control group 
receiving X radiation alone, was 422 mg., a decrease of 40 percent from 
693 mg. Thus, it can be seen that the spleen weight of animals receiving 
both X radiation and stilbestrol was still more than 100 percent greater 
than that of the control animals receiving X radiation alone (table 4). 


Kur.orFr CELLS 


Kurloff cells were present in large numbers in the spleen and peripheral 
blood of only those animals treated with stilbestrol. In these animals 
there was an increase in the area occupied by the red pulp of the spleen. 
Study of paraffin sections indicated that this increase was not associated 
with congestion, but was due to the presence, in the red pulp, of large 
numbers of Kurloff cells. In paraffin sections stained with hematoxylin 
and eosin, Kurloff bodies were pale and eosinophilic and could not easily 
be recognized as intracytoplasmic bodies. They were less intensely 
stained than were erythrocytes, and sometimes resembled phagocytized 
erythrocytes. Using the periodic acid-Schiff reaction, Kurloff cells 
could readily be recognized. After treatment with stilbestrol for 14 days, 
numerous Kurloff cells were present in the walls of the alveoli of the lungs 
(fig. 1), in the bone marrow (fig. 2), and in the glomerular tufts in the kid- 
ney, as well as in the peripheral blood, spleen, and large blood vascular 
channels. Smaller numbers were present in the liver and in the adrenal 
gland. They were only rarely seen in the lymph nodes. Kurloff cells 
were almost never seen in organs other than the bone marrow, peripheral 
blood, and spleen of normal, male, 6-week-old guinea pigs, but were seen, 
in small numbers, in the lungs of older animals. 


222089—52——3 
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The splenic capsule of the stilbestrol-treated animals was heavily 
stained by the periodic acid-Schiff method (fig. 8), and appeared wider 
than the capsule of animals not treated with stilbestrol (fig. 9). Within 
the capsule, adjacent to the splenic tissue proper, globules of periodic 
acid-Schiff-positive material were found between the strands of connective 
tissue. These globules appeared to be free, having no association with 
the nucleus. Venous sinuses bordering the capsule contained many 
periodic acid-Schiff-positive globules. Some of these globules appeared 
to be extracellular, while others were closely associated with a nucleus 
that was compressed to one side. Occasionally, single Kurloff cells were 
seen within the outer zone of the lymphoid follicles of the white pulp of 
the spleen. 

After whole-body X radiation, there was a marked decrease in the size 
of the lymphoid follicles in the white pulp of the spleen of both the control 
animals and the animals that were pretreated with stilbestrol for 8 weeks. 
Similarly, there was a great reduction in the number of lymphocytes in 
the imprints of spleen of animals that were X-radiated. However, there 
was no decrease in the number of Kurloff cells detectable in paraffin 
sections or in imprints of the spleen of animals that had been treated 
with stilbestrol prior to X radiation. Because of the decrease in the 
number of lymphocytes following the exposure to X ray, there appeared 
to be a relative increase in the number of Kurloff cells in imprints of the 
spleen of these animals (table 4). The results of Kurloff-cell counts of 
imprints of spleen were paralleled by the estimation of the relative number 
of Kurloff cells seen in the red pulp in paraffin sections of the spleen, 
although imprints permitted more rapid evaluation of the relative number 
of Kurloff cells. 

In dried smears of peripheral blood, Kurloff bodies were seen mainly 
in cells the size of the red cell or the lymphocyte. The nucleus of these 
Kurloff cells usually contained heavy clumps of chromatin, resembling 
the nucleus of a lymphocyte. Infrequently, Kurloff bodies appeared in 
larger cells with a more delicately stained and sometimes folded nucleus, 
resembling that of the monocyte. In supravital preparations, the 
leukocytes were classified on the basis of vacuoles (neutral red stain) and 
mitochondria (Janus green stain), according to the method of Cunning- 
ham and Tompkins (11). Kurloff bodies were found mainly in cells with 
clear cytoplasm containing few vacuoles and larger centrally placed 
mitochondria. These cells were classified as lymphocytes. Kurloff 
bodies were infrequently seen in cells containing many large vacuoles and 
small, fine, usually peripherally placed mitochondria. Many small 
Kurloff bodies were noted frequently within those cells classified as 
monocytes. In paraffin sections, the nucleus of some Kurloff cells was 
crescent shaped and deeply basophilic. In other Kurloff cells the nucleus 
was rounded and resembled the nucleus of plasma cells. Cells having 
this type of nucleus were larger than the usual plasma cell, and although 
their nuclei were eccentrically placed, neither a typical “‘cart-wheel’’ nu- 
cleus nor a clear perinuclear zone in the cytoplasm could be distinguished. 
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DISCUSSION 


WEIGHT oF SPLEEN 


The data presented in this report indicate that in the guinea pig stil- 
bestrol is associated with enlargement of the spleen and with an increase 
in the number of Kurloff cells in the spleen. Since splenomegaly was 
associated solely with an increase in the number of Kurloff cells and not 
with an increase in any other cellular component or with congestion, it is 
believed that the observed splenomegaly was due directly to the increased 
concentration of the Kurloff cell in the spleen. A comparison of the 
effect of X radiation on the weight of the spleen and on the number of 
Kurloff cells in the spleen in normal and stilbestrol-treated guinea pigs 
emphasizes the effect of stilbestrol in inducing Kurloff-cell splenomegaly 
(table 4): The increase in spleen weight of the stilbestrol-treated 
animals (group 3) over that of the untreated animals (group 1) was 
maintained even after X radiation (cf. group 4 and group 2). The 
increase in the number of Kurloff cells in stilbestrol-treated animals 
(group 3) was likewise maintained after X radiation (group 4). 

Thus, even after the use of a physical agent capable of reducing spleen 
weight, stilbestrol treatment was associated with spleens laden with 
Kurloff cells (group 4). These spleens were larger than both the X-radi- 
ated non-stilbestrol-treated controls (group 2) and the normal non-X- 
radiated animals (group 1). It is believed that this increase in size is 
directly related to the large numbers of Kurloff cells present in the enlarged 
spleens. 

The spleens of the stilbestrol-treated animals, while 100 percent heavier 
than the spleens of control animals, were over 150 percent heavier than 
the spleens of acutely scorbutic or of cortisone-treated animals. Nadel 
and Schneider (1/3) have recently demonstrated that the scorbutic guinea 
pig secretes in the urine large amounts of formaldehydegenic material, 
with the biological and chemical properties of an 11-oxycorticosteroid, 
related to cortisone. Thus, the diminution in size of the spleen in acutely 
scorbutic and in cortisone-treated animals would appear to be related. 


Kur.orr CELLS 


The manner in which stilbestrol induces excess numbers of Kurloff cells 
in the spleen of the guinea pig is obscure. If the splenomegaly is not 
attributable to the presence of excessive numbers of Kurloff cells in the 
spleen, it must be conceded that stilbestrol affects the guinea pig and its 
spleen differently from the manner in which it affects other rodents, for 
splenomegaly is contrary to the expected reaction following the adminis- 
tration of an estrogen. Estrogens have been thought to act as stress 
agents, which by liberation of an endogenous adrenocorticotrophic hor- 
mone (ACTH) cause an increase in the size of the adrenal gland, a decrease 
in the content of the ascorbic acid of the adrenal gland, and finally a 
decrease in the size of the spleen and of other lymphoid tissues (2, 14, 15). 
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Splenomegaly, therefore, cannot be considered to be one of the expected 
manifestations of the general adaptation syndrome. It is well known, 
however, that the connective tissues of the guinea pig react to a greater 
degree to estrogens than do the connective tissues of other rodents (16), 
and the observed splenomegaly in the stilbestrol-treated guinea pig may 
be a manifestation of an obscure hormonal imbalance not readily elicited 
in other species. In this connection it may be of interest to note the 
recent observations of Selye (17) that in other species, overdosage with 
the somatotrophic hormone (STH) of the pituitary gland was associated 
with excessive growth of connective tissue and splenomegaly. However, 
in the absence of evidence at present relating estrogens to STH liberation, 
it is believed that the splenomegaly in the stilbestrol-treated guinea pig 
may be explained satisfactorily on the basis of increased Kurloff-cell 
content. 

Although evidence has been presented that the Kurloff body contains 
mucoprotein (8), the nature and origin of the material in this particular 
cell is still obscure. Whether the mucoprotein is synthesized within the 
cell or whether it accumulates by phagocytosis or by absorption of extra- 
cellular material are questions that should be explored. The evidence 
from this study suggests that the Kurloff cell is derived from a cell that is 
relatively resistant to X radiation and is capable of incorporating extra- 
cellular material. As one possible source of this material, the altered 
myxedematous connective tissue of estrogen-treated guinea pigs as 
observed by Robertson et al. (18) should be investigated. The splenomeg- 
aly in estrogen-treated animals, and the presence in the capsule of the 
spleen of free globules that possess the staining reactions of Kurloff bodies, 
suggest that the material in the Kurloff body may be manufactured else- 
where in the animal body and then transported by way of the blood to the 
spleen where it is stored. This is supported by the observations of Heinle 
and Heydinger (19) who found that splenectomy caused an increase in 
the number of Kurloff cells in the peripheral blood. These authors 
suggested that the spleen acts as a filter for the Kurloff cells. It is also 
possible that the large inelastic Kurloff cells may be filtered from the 
circulating blood by vascular capillaries in the red pulp of the spleen, in 
the alveolar walls of the lung, and in the glomeruli of the kidney. 


SUMMARY 

Stilbestrol induced splenomegaly while the Kurloff cells appeared in 
excessive numbers in the peripheral blood, spleen and other tissues of all 
of the 44 guinea pigs treated with this hormone. Neither testosterone nor 
desoxycorticosterone nor cortisone produced such Kurloff-cell splenomeg- 
aly. The spleen of the estrogen-treated animal was more than 100 
percent heavier than the spleen of a normal animal and more than 150 
percent heavier than the spleen of an acutely scorbutic or of a cortisone- 
treated animal. Splenomegaly was also observed in animals that had been 
pretreated with stilbestrol and then exposed to whole-body X radiation. 

The tissues, including the peripheral blood, of the stilbestrol-treated 
animals revealed a larger number of Kurloff cells than did those of un- 
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treated animals. This mononuclear cell with its intracytoplasmic inclu- 
sion body was present in large numbers in the spleen, lung, and bone 
marrow of the estrogen-treated guinea pigs, whereas in the normal, the 
acutely scorbutic, the cortisone-treated, and the X-radiated control 
animals, the Kurloff cell was present only in small numbers. 

It is believed that the increase in weight of the spleen following stil- 
bestrol treatment in the guinea pig is directly related to the increased 
number of Kurloff cells in that organ. 
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Ficure 1.—Section of lung of a guinea pig treated with stilbestrol. Note numerous 
Kurloff bodies in the walls of the alveoli. Formaldehyde fixation (10 percent, 
U. 8. P.). Periodic acid-Schiif reaction. K 250 


Figure 2.—Section of femoral bone marrow of a guinea pig treated with stilbestrol. 
Note numerous Kurloff bodies. Formaldehyde fixation (10 percent, U. S. P.). 
Periodic acid-Schiff reaction. X 150 


Ficvure 3.—Imprint of the spleen of a guinea pig treated with stilbestrol. Kurloff 
bodies stain metachromatically. Alcohol fixation (80 percent). Aqueous thionin 
(1:1000). xX 600 


Ficcre 4.—Imprint of the spleen of a guinea pig treated with stilbestrol. Kurloff 
bodies are deep reddish purple. Ether:alcohol fixation (50:50). Periodic acid- 
Schiff reaction. <X 600 


Ficcre 5.—Imprint of the spleen of a guinea pig treated with stilbestrol. Note 
Kurloff bodies, stained with a dark central core and a thin peripheral rim; the clear 
intervening zone gives a target effect. Ether:alcohol fixation (50:50). Methylene 
blue. X 600 


Ficvure 6.—Peripheral blood smear of a guinea pig treated with stilbestrol. Four 
Kurloff cells are in the field. Wright’s stain. xX 600 


These 6 photographs were prepared by the Department of Illustration, Washington University School of 
Medicine, St. Louis, Missouri. 
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Figure 7.—Photograph of whole spleen of a 2-month-old guinea pig treated with 
stilbestrol for 14 days (on left) and that of an untreated control (on right) 
FiGURE 8.—Splenie capsule and adjacent red pulp of the spleen of a guinea pig treated 
with stilbestrol for 47 days. Note the thickened capsule and numerous large Kurloff 
bodies in cells in the splenic pulp. In the thickened capsule are dark globules with 
the morphology and staining reactions of the Kurloff body. Formaldehyde (10 
percent U.S. P.) fixation. Periodic acid-Schiff method. * 350 
FiGURE 9.—Spleni¢c capsule and adjacent red pulp of the spleen of an untreated control 
animal, similar in weight and age to that in figure 8 


Only three small Kurloff cells 
are in the field. Formaldehyde (10 percent U. 8. P.) fixation. Periodic acid- 
Schiff method. 475 
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Action of BAL on the Tumor-Damaging 
Potency of Certain Trivalent Arsenic 
Compounds ' 


Lyte V. Beck,’ Department of Physiology and 
Pharmacology, University of Pittsburgh School of 
Medicine, and Laboratory of Chemical Pharma- 
cology, National Cancer Institute,? Bethesda, Md. 


Leiter and co-workers (1) have reported that a high percentage of 
aromatic arsenic compounds tested induced gross and histologic damage 
in mouse Sarcoma 37, following a single subcutaneous injection of the 
chemical at or near the maximum tolerated dose level (MTD). These 
findings suggested the desirability of determining whether trivalent arsenic 
compounds effective against Sarcoma 37 might also induce damage in other 
tumors. Repeated injections of some of these compounds were made, to 
test their effectiveness in inhibiting the growth of a mouse lymphoma. 
Finally, experiments were done to ascertain whether a partial separation 
of the toxic and tumor-damaging effects of trivalent arsenic compounds 
might be achieved by the use of 2,3-dimercaptopropanol (BAL—British 
Anti-Lewisite) (2). 

MATERIALS AND METHODS 


Compounds employed.—These have been numbered according to their 
order of accession in the Laboratory of Chemical Pharmacology, National 
Cancer Institute, and are as follows: #190C, Clorarsen (Squibb & Sons), 
consisting of 1 part 3-amino-4-hydroxypheny] dichloroarsine hydrochloride 
plus 3.3 parts of a Squibb & Sons proprietary citrate-acetate buffer; #192C, 
consisting of 1 part of 3-amino-4-hydroxyphenylarsenoxide (Parke, Davis 
mapharsen) plus 4.3 parts of the Squibb proprietary buffer; #822, 3- 
arsenosonitrobenzene; #824, 3-arsenosoanisole; #825, 4,4’-diaminoarseno- 
benzene dihydrochloride; #826, 5,5’-diamino-2,2’-dimethylarsenobenzene 
dihydrochloride; #828, 5,5’-diamino-2,2’-dimethoxyarsenobenzene-N ,N’- - 
dimethylene disodium sulfonate; #829, 5,5’-diamino-2,2’-dimethylarseno- 
benzene-N ,N’-dimethylene disodium sulfonate; #2174, potassium arsenite. 

Because of the known instability of organic arsenic compounds in solu- 


1 Received for publication May 12, 1952. 

2 The writer is very much indebted to Miss Joyce Gillespie and Mr. Milton Parker for technical assistance, 
and to Dr. Joseph Leiter for constructive criticism of the manuscript. 

3 National Institutes of Health, Public Health Service, Federal Security Agency. 
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tion, all solutions or suspensions of these compounds injected into mice 
were prepared by weighing out the desired amount of the compound in a 
dry container and adding the vehicle just before administration of the 
compound. Compounds #822, 824, and 825 are relatively insoluble in 
water and were administered in olive-oil suspensions. Solutions of potas- 
sium arsenite (#2174) for injection into mice were secured by making ap- 
propriate water dilutions of Fowler’s solution, U.S.P. Doses of potassium 
arsenite have been expressed in terms of As,O; content. The other com- 
pounds or preparations were administered dissolved in water. 

Lethal doses of arsenic compounds.—The single-dose LD; values shown 
in tables 1 and 2 were determined by a variation of Karber’s method (8). 

Mice and tumors employed—The mice used were 2 to 4 months of age 
and of both sexes. Tumors were implanted by injection of tumor mash 
into the right hind leg. Sarcoma 37 and the Harding-Passey melanoma 
were carried in CAF, mice. Lymphomas L; and I2, tumors whose charac- 
teristics have been described by Law and co-workers (4), were carried in 
ABC mice obtained from Dr. J. J. Bittner, University of Minnesota. 
CFW mice, NIH substrain, were used in some of the LD determinations. 

The time between injection of tumor mash and administration of a test 
dose of the arsenic compound was determined by the rapidity of growth 
of the transplanted tumor. For Sarcoma 37 a six-day period was satis- 
factory. For the other tumors, the times shown in table 1 were employed. 
Mice were sacrificed and tumors excised 24 hours after injection of the 
test dose of the arsenic compound. For each compound, the minimum 
effective dose (MED) required to produce appreciable gross and histologic 
damage to the test tumor was estimated by criteria which have been de- 
scribed previously (1,5). These same criteria were employed in tests for 
protection by 2,3-dimercaptopropanol (BAL) of Sarcoma 37 against 
tumor-damaging doses of trivalent arsenic compounds. Degree of induced 
damage to the Harding-Passey melanoma was necessarily judged entirely 
by histologic criteria. 


EXPERIMENTAL RESULTS 


_ Table 1 summarizes the extent of damage induced in tumors L,, L,, and 
Harding-Passey melanoma by single subcutaneous injections of certain 
trivalent arsenic compounds. Four of the compounds tested were found 
capable of inducing damage in mouse Lymphoma L;; three compounds 
were found capable of inducing damage in mouse Lymphoma L,; and 
three compounds were found capable of inducing damage in the Harding- 
Passey melanoma. The minimum doses effective in inducing appreciable 
damage in these tumors were not greatly different from the MED values 
found for these same compounds with Sarcoma 37 (1, 6). 
Effect of multiple injections on tumor growth.——The dose schedules for 
evaluating the effect of multiple injections on mice bearing Lymphoma 
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TaBLE 1.—Induced damage noted in Lymphomas L, and Ly, and the Harding- Passey 
melanoma, 24 hours after subcutaneous injection of trivalent arsenic compounds 




















Days 
Compound Tumor - ==. MED{ LDs 
No. employed implanta- 
tion (mg./kg.) | (mg./kg.) 
190C HP 44 25 31t 
192C L; 20 32 40t 
L, 11 32 
824 L 21 8 8§ 
Ly 11 8 
HP 37 8 
828 L, 20 50 52t 
L, 11 63 
2174 Li 12 8 St 
HP 37 6.3 























*HP=Harding-Passey melanoma; L; and L:= Lymphoma L; and Lymphoma Ls, respectively. 
tLowest dose which induced tumor damage. 

tCAF; mice. 

§CFW mice. 


L, were first selected in the vicinity of the LD; for the compound investi- 
gated (table 2). If too high a mortality resulted, a lower dose schedule 
was then given. Tumor growth was measured by the change in circum- 
ference of the right thigh, into which the tumor had been inoculated. 

Table 2 summarizes the results obtained with the animals that were 
still alive after eight injections of the drug. Tumor measurements on the 
day following the last injection of any of the arsenicals showed a measur- 
able inhibition of the growth of the L, tumor. No increase in survival of 
treated groups was observed, but rather the reverse. The spleens of 
treated animals were smaller than those of the controls, suggesting an 
inhibition of infiltration of the tumor in that organ. The treated animals 
lost weight. 

Effect of BAL on tumor-damaging potency.—Single injections of BAL, 
given intraperitoneally, protected mice to some extent against semilethal 
doses of all of the trivalent arsenic compounds tested. For the closely 
related compounds #190C and 192C, the time period after injection of 
the arsenical, within which a single injection of BAL had to be made if 
measureable protection was to be secured, appeared to be about 60 
minutes. For compound #828 and for arsenite (#2174) it was found 
possible to secure marked protection of the mice by single injections of 
BAL over a more extended period of time after injection of the arsenic 
compound. 

Text-figure 1 illustrates the relationship between the time of injection 
of the arsenicals (#828 and 2174) and that of BAL to the degree of pro- 
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TABLE 2.—Effect on growth of mouse Lymphoma Lz, and on survival time of tumor-bearing 
mice, of 8 daily subcutaneous injections of arsenic compounds 






































Average thigh 
circumference ft 

Com- LD; — , No. : 7 tt —— 
pound tion por nig time | weightsf| right left 
No. injection* (Cuneee) thigh 
(mg./kg.) | (mg./kg.) (days) | (gm.) (cm.) (cm.) 
ee Controls — 16/16 20 29 5.0 2.6 
822 4 4 11/11 19 25 2.4 2.0 
825 11 8 12/12 19 25 2.7 2.4 
826 22 25 9/12 20 23 3.1 2.4 
829 25 25 11/12 20 24 3.0 2.4 
ante Controls | .... 16/16 21 26 3.7 2.5 
824 6.3 4/12 19 25 2.6 2.2 
828 52 50 6/12 18 21 - 2.8 2.1 








*Injections began 4 days after tumor implantation. 
tMeasurements on survivors, 13 days after tumor implantation. 
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@ Control groups of mice not injected with BAL 


TEXT-FIGURE 1.—Prevention by BAL of deaths induced in mice by an aromatic 
arseno compound (#828) and by arsenite, giving relationship to the time interval 
between injection of the arsenical compound and injection of BAL. 
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tection of mice obtained. The dose levels of the arsenicals were in the 
LDgo-100 range and the time of injection was considered zero time. The 
percent mortality obtained with a given arsenical alone is indicated by a 
starred circle. At least 25 mice were used for determining each of these 
values, and 10 mice to secure each point on the graphs. The points in 
each of the graphs represent the percentage of deaths observed when the 
same dose of the arsenical was given as in the control group, but with 
BAL injected at a time prior or subsequent to the arsenical injection, 
indicated on the abscissa. It will be seen that protection against death 
could be obtained by injecting BAL up to 4 or 5 hours after administration 
of the arsenical. 

Inasmuch as the administration of BAL could modify the lethality of 
the arsenicals under certain conditions, the effect on Sarcoma 37 of con- 
comittant administration of this combination under similar conditions 
was investigated. Mice bearing 6-day-old implants of Sarcoma 37 were 
given tumor-damaging doses of 3 arsenicals (#190C, 828, and 2174); 
several groups of mice were then given BAL in various mol equivalents 
at different time intervals following the arsenic injection. All the groups 
were killed 24 hours after the arsenic injection and the tumors were 
examined grossly and microscopically for evidence of induced damage. 

Table 3 summarizes the data obtained. The table shows that injection 


TABLE 3.—Counteraction by 2,3-dimercaptopropanol (BAL) of damage induced in 
Sarcoma 87 by arsenicals 

















| 
| 
| BAL injection eee &. 
Compound 
No. we Time after : 
— BAL/As | arsenical | Gross Micro- 
mol ratio | injection scopic 
(mg./kg.) | (mg./kg.) (hours) 
190C 46 none ne ae ++ ++ 
46 25 1.25 0.5 = + 
46 50 2.5 0.5 + + 
46 50 2.5 2.0 ee soe 
828 50 none me 8 sistas + + 
50 25 3 1.0 = > + 
50 50 6 1.0 — ~ 
63 none . © sane ++ ++ 
63 2 2.3 1.0 + ~ 
63 50 4.7 1.0 + + 
2174 7.9 none me © secaee + + 
7.9 25 2.5 1.0 + = 
7.9 50 5.0 1.0 i a 
7.9 50 5.0 5.0 + > 
10 none SS £ © scenes ++ ++ 
10 25 2 1.0 + + 
10 50 4 1.0 ~ + 
10 50 1 5.0 deg as 





























* ++-=marked damage throughout the tumors. 

+=definite damage in an appreciable portion of the tumor. 
+=slight or questionable damage. 

—=no demonstrable damage. 
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of BAL within one hour of the arsenical injection inhibited the ability of 
the arsenical to produce damage in the tumor. In the cases of compounds 
190C and 2174, « delay of 2 and 5 hours respectively in the injection of 
BAL, intervals beyond the effective range in reducing lethality, resulted 
in damage to the tumors that appeared to be at least as extensive and 
severe as that produced by the arsenicals without any subsequent BAL 
injection. 
DISCUSSION 

The toxic effects of trivalent arsenic compounds are generally considered 
to be due to damage to intracellular metabolism resulting from specific 
binding, and hence inactivation by the arsenic compounds, of metaboli- 
cally important intracellular sulfhydryl groups (2, 7, 8). Since marked 
tumor damage may be induced by a number of aromatic trivalent arsenic 
compounds differing considerably in chemical structure (1), and also by 
inorganic arsenite (6), it appears to be very likely that tumor damage as 
well as host toxicity induced by arsenic compounds is due to binding by 
the arsenical compounds of metabolically important intracellular sulfhy- 
dryl groups. It is interesting to note that Barron (7) has presented 
evidence that tumor and tissue damage induced by X ray and gamma 
radiation is accompanied by considerable destruction of intracellular 
sulfhydryl groups. 

Since BAL counteracts toxicity of trivalent arsenic compounds (2), 
it was considered of interest to examine the effect of adding BAL as a 
competitor to the sulfhydryl groups in tissue constituents to see if BAL 
could be utilized to bring about a partial separation of the toxic and 
tumor-damaging effects of arsenic compounds. In the experiments per- 
formed, no separation was apparent. This indicates that, insofar as the 
competitive binding of trivalent arsenic with tissue sulfhydryl groups and 
BAL is concerned, similar factors are probably concerned in host toxicity 
and tumor-damaging potency. The writer is therefore of the opinion that 
the only way in which BAL or similar compounds are likely to prove 
useful in partially separating tumor-damaging effects from host toxicity 
is by local, e.g. intra-arterial, administration of arsenic compound to the 
tumor area, and systemic administration of BAL. 


SUMMARY 


1) Certain trivalent arsenic compounds which had previously (1, 6) 
been shown to induce extensive gross and histologic damage in mouse 
Sarcoma 37, following their subcutaneous administration to host mice, 
were found to induce similar extensive damage in mouse Lymphomas I, 
and L,, and the Harding-Passey melanoma. For all of these tumors, and 
the compounds tested, the minimum effective doses (MED) for securing 
considerable induced tumor damage were close to or in excess of the 
LD, values. 

2) Repeated daily or semiweekly injections of certain of the trivalent 
arsenic compounds, at dose levels approaching the LD; single injection, 
resulted in inhibition of growth of Lymphoma Lz, accompanied however 
by loss of body weight. Survival time tended to be diminished. 
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3) An optimum time interval between the injection of arsenical and 
of BAL, for securing survival of the mice, was found for each arsenic 
compound tested. When these particular time intervals were employed 
in experiments with mice bearing Sarcoma 37, and approximately MED 
amounts of various trivalent arsenic compounds were given, it was found 
that tumors in mice injected with BAL and arsenical showed appreciably 
less induced damage than did tumors from mice injected with arsenical 
only. 
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Some Observations on the Volume of 
the Nucleus of Spontaneous Hepatomas 
in Mice! 


Toru Mryas1, M.D.,? Special Research Fellow, 
Laboratory of Pathology, National Cancer Institute,’ 
Bethesda, Md. 


Since the publication of the work of Strong and Smith in 1936 (1, 2) 
on the nature of the spontaneous hepatoma in the mouse, a large number 
of papers dealing with this subject have appeared in the literature. An- 
dervont (3) cites extensive literature on this subject. However, with the 
exception of the brief accounts by Strong and Smith (1), Edwards et al. 
(4), and by Dalton and Edwards (5), few details have been published 
regarding the microscopic structure of hepatomas in mice, although a 
number of such studies have been made in rats (6-8). 

Although previous observers (5, 9) have noted the differences in size 
between the nuclei of neoplastic cells and those of normal liver, no ac- 
tual measurements of nuclear size in the mouse have been recorded. 
Such measurements should be of interest since the work of Jacobj (10) 
and others has indicated a regular increase in nuclear volume in the liver 
cells, with the majority of the cells falling into definite groups with a 

2:4:8 ratio when the nuclear volume was determined. The present 
work was undertaken to determine whether neoplastic liver cells 
would follow the same proportionate increase, or whether there would 
be a complete derangement so that the cells would no longer fall into 
regular groups of nuclear volume size. The nuclei in a large number of 
hepatomas were measured and the volumes determined. Measurements 
of these neoplastic nuclei were then compared with normal liver nuclei, 
and the tumors sorted into groups using this criterion. 


MATERIALS AND METHODS 


The material for this study consisted of 58 spontaneous hepatic tumors * 
found in 56 mice, the sex and strain of which are shown in table 1, and 10 


1 Received for publication June 14, 1952. 

2 On leave from the Department of Pathology, Osaka University Medical School, Osaka, Japan. 

3 National Institutes of Health, Public Health Service, Federal Security Agency. 

4 The spontaneous tumors were collected by Dr. H. L. Stewart, and the transplanted tumors by Dr. H. B. 
Andervont, both of the National Cancer Institute. 
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spontaneous hepatic tumors of C3H mice, as well as their successive trans- 
plants for six generations. 


TABLE 1.—Strain and sex of mice bearing spontaneous tumors* 











Sex of mice 
Strain of mice Number 

Male Female 
ee eT ee eT ee te ee ee 5 2 3 
ns lc fn sacar aC at oad 4 4 0 
EE eet eres eee 44 44 0 
ES aha Nae eeieiaaie iad Siacgellia caaiihied 1 1 0 
ere io) tara wild aaah alee Rh fenshatmran hs 1 1 0 
Sear ra tel ena base eee PsA aia tee Seca wae xe 1 1 0 
I ct Oa tir a a rat Sid 56 53 3 




















*Collected by Dr. H. L. Stewart. 


Pieces of all of the tumors of the liver were fixed in 10 percent formalin, 
Tellyesniczky’s fluid, or Zenker-formol fluid. The sections were stained 
with hematoxylin and eosin. In addition, special stains including Mal- 
lory’s collagen, Verhoeff’s elastin, pyronin-methyl green, and toluidine 
blue were also employed on selected sections, many of which were also 
treated with Bielschowsky’s silver impregnation method, Schiff’s periodic 
acid-leuko-fuchsin, the Prussian blue reaction for iron, Best’s carmine 
method for glycogen, cresyl violet for amyloid, and Mallory’s method for 
hyaline. The measurements of nuclear size were carried out by projection 
of the image of a microscope slide on a sheet of paper as described by 
Rather (11), and the nuclear volume was calculated from these values. 
For each group of cells, the outlines of 500 nuclei were drawn on the paper. 
All nuclei within a selected area were drawn, except those that were dis- 
torted or that had poorly defined nuclear membranes. 


EXPERIMENTAL OBSERVATIONS 


GENERAL DESCRIPTION OF SPONTANEOUS AND TRANSPLANTED HEPATOMAS 


The spontaneous hepatomas were, in general, well defined and circum- 
scribed but not encapsulated. They were gray, yellowish brown, or 
reddish brown in color, and either protruded from the surface of the liver 
or were pedunculated. The size of the tumors varied, ranging from 0.2 
to 2.0 cm. in diameter. These tumors grew expansively, compressing the 
surrounding liver tissue. 

Microscopically, the normal liver cells contiguous to the tumor were 
compressed by the hepatoma and appeared flattened and atrophic (fig. 1). 
Leukocytes were usually absent from the tumor and adjacent liver tissue. 
No increase of connective tissue in the tumor or adjacent liver tissue 
could be demonstrated with the special stains. Tumor cells generally 
were arranged in cords and were separated by sinusoids lined with endo- 
thelial cells, or by endothelial cells alone, thus resembling the pattern of 
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normal liver. The arrangement of cords, however, was irregular and there 
was no formation of liver lobules. The cytoplasm of the tumor cells was 
generally more basophilic than that of surrounding normal liver cells. 


NvcLEAR S1ZE IN SPONTANEOUS HEPATOMAS 


Although the nuclei of cells from different tumors varied greatly in size, 
the majority of nuclei in an individual tumor were of uniform size. The 
nuclear size of the predominant cells, therefore, could be used in classi- 
fying the tumors. The actual measurement of nuclear volume confirmed 
this impression of uniform size, and these hepatomas have been classified 
as described in the following paragraphs. 


Tumors characterized by small cells with nuclei of micro-volume 


This class of tumor consisted of cells obviously smaller than those of 
normal liver. They were mostly polyhedral in shape (fig. 2). The cells 
formed a compact mass rather than distinct cords and did not show a 
lobular structure. A comparatively small number of round cells were 
found. Some of the endothelial cells were laden with brown or yellow 
pigment. However, the sinusoidal spaces were sometimes so narrow that 
it was difficult to identify the endothelial cells. Small venules were also 
found, but no cell cords were seen to radiate from such vessels and there 
was no reproduction of the architecture of the normal liver lobule. No 
newly formed bile ducts were found in the tumor tissue. The cytoplasm 
of the small tumor cells was generally more vacuolated than that of the 
bordering normal liver tissue, and it showed more basophilic material in 
the form of amorphous masses or diffuse granules. 

Generally, the nuclei of this class of tumor cell were poor in chromatin 
content and stained faintly in pyronin-methyl green preparations. The 
nuclear membranes were distinct. Usually one or two nucleoli could be 
found in a nucleus, and mitotic figures were infrequent. Diameters of 
the great majority of the nuclei ranged between 5.9 and 6.5 » with a dis- 
tinct peak diameter at about 6.2 yu, as shown in text-figure 1. Consequently 
the nuclear volume of most cells of these particular tumors was calculated 
at 124.8 »°. The nuclear volumes of the surrounding hepatic cells from 
the nontumorous parts of the same liver and from normal non-tumor- 
bearing liver (text-figs. 1 and 2) were 229.9 u® and 212.2 ,' respectively. 
Therefore, the volume of the nuclei in the tumors with small cells is about 
one-half that of the normal or regular cells (Regelzelle), as described by 
Jacobj (10). These findings suggest that these tumors with small nuclei 
are distinct, and they have been designated as tumors with nuclei of 
micro-volume. It should also be noted that the graph of the nuclear 
volume determinations of the hepatoma cells shows a single greatly ele- 
vated peak, while nuclei from the normal hepatic cells show three peaks. 
The hepatoma cells, therefore, do not show the same relative variation in 
size seen in the normal tissue. 
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TEXT-FIGURE 1.—Diameters of nuclei of hepatic tumors with nuclei of micro-volume, 
and of nuclei of surrounding liver. The peak of the volume of the nucleus of 
hepatoma is calculated at about 124.5 », and the peaks for adjacent normal liver 
cells are 124.5 yu’, 238.7 uw? and 448.1 yu? in the ratio of 1:2:4, respectively. 


Some of the cells of tumors with nuclei of micro-volume had more 
abundant and more acidophilic cytoplasm than the average cell, although 
the nuclear volume was not increased. These cells were arranged in 
thick cords separated by wide sinusoids. This type of tumor may be 
designated as a hypertrophic form of tumor with nuclei of micro-volume. 
Another variation of this tumor was found when large blood-filled sinuses 
developed. For such tumors, the term “telangiectatic with tumor 
nuclei of micro-volume” (fig. 1) may be suitable. 


Tumors characterized by cells similar in size to normal liver cells with nuclei 
of normal volume 


Hepatic tumors grouped in this class were composed of cells having 
nuclei about equal in volume to that of normal hepatic cells (fig. 3). 
The tumor cells were generally arranged in cords with alternating 
endothelium-lined sinusoids. Sometimes, however, a cord of cells was 
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TEXT-FIGURE 2.—Pattern of volume of nuclei of normal liver cells of C3H mouse, 
calculated from the measurement of the diameter. Peak I=about 107.5 3, peak 
II=about 212.2 y3, and peak IIIJ=about 439.9 »3. The ratio of peak volume is 
approximately 1:2:4. A notable difference in the calculated nuclear volume of 
cells of normal liver as compared to tumor-bearing liver (text-fig. 1, 2, and 3) is 
the relatively high peak I and low peak III for normal liver. 


so thick and irregular that a group of many tumor cells was encircled 
by a single layer of endothelial cells. 

In hematoxylin-eosin and pyronin-methyl green preparations, tumor 
cells having nuclei of normal volume were more basophilic than the 
neighboring nontumorous liver. They were also more basophilic than 
the tumor cells of the micro-volume type. The basophilic substance of 
the cytoplasm was distributed homogeneously in fine granules or it was 
in the form of small rods. They differed from the clumpy or amorphous 
form of basophilic material characteristic of the normal liver cell in having 
a more distinct pattern. The rods of the tumor cells were oriented in 
a radial fashion in a peripheral zone of cytoplasm, converging concen- 
trically in the direction of the nucleus (fig. 4). This was more apparent 
in tumors having nuclei of macro-volume. There were fewer vacuoles in 
the cytoplasm of cells of tumors with nuclei of normal volume as com- 
pared with cells of tumors with nuclei of micro-volume. 

The nuclei of tumors having normal nuclear volume were generally 
round in cross section and usually possessed scanty chromatin. There- 
fore, these nuclei in contrast to the cytoplasm were less basophilic than 
those of the surrounding normal liver tissue. Most of the nuclei had 
two or three nucleoli, but some of them were so full of chromatin that 
nucleoli were obscured. 

The size of the nucleus of these tumors having normal-volume nuclei 
was as great as that of the nucleus of normal liver cells. The maximum 
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peak of the diameter of the nuclei was estimated to be 7.4 » as shown in 
text-figure 3, and the volume was 212.2 u*. This corresponded to the 
nuclear volume of the normal hepatic cells (Regelzelle). The diameter 
of the nucleus of tumors with nuclei of normal volume varied over a 
wider range than did that of the tumors with nuclei of micro-volume. 
Sometimes a small number of nuclei were two or four times as large as 
the nuclei of regular normal hepatic cells, thus resembling nuclei of normal 
liver tissue. Such definite peaks as were found in normal tissue were not 
seen in the neoplastic tissue, however, and this general uniformity of 
nuclear size was common to both tumors having normal-volume nuclei 
and tumors having nuclei of micro-volume. Mitoses were fairly common 
in the tumor, and nuclei in various stages of degeneration were also found. 
Hypertrophic and telangiectatic forms of this tumor were also noted, 
and the nuclear volume was the same as that of tumors having normal- 
volume nuclei. 
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TEXT-FIGURE 3.—Diameter of the nucleus of tumors with nuclei of normal volume, 
and of surrounding nontumorous liver. A distinct peak for the volume of nuclei 
of hepatoma is calculated at about 212.2 u%. Nuclear volume of surrounding liver 
cells is calculated at three peaks. 
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Tumors characterized by nuclei of macro-volume 


The cells of these tumors possessed a large amount of cytoplasm rich 
in basophilic substance often in the form of short rods or fibrils (fig. 4), 
and the nuclei also appeared larger. The basophilic fibrils were often a 
prominent feature and were arranged radially in the periphery of the 
cytoplasm. Cords of tumor cells were lined with endothelial cells, but 
the cell cords were markedly irregular, some being narrow, others wide. 
The nuclei of tumor cells were in general larger than those of “regular” 
normal hepatic cells. Nuclear volume varied greatly. One peak of 
nuclear volume occurred at 229.9 u® (7.6 »w in diameter), and a second 
distinct peak of nuclear volume appeared to be at about 450 y® (9.5 » in 
diameter) which is about twice that of normal hepatic cells (text-fig. 4). 
These large nuclei had a greater amount of chromatin than the nuclei of 
the other hepatomas that had smaller nuclei, and some were densely 
packed with it. In contrast to the nuclei of normal liver, the chromatin 
of the nuclei of the hepatomas with large nuclei of macro-volume seemed 
to be accumulated near the nuclear membrane. Most of the nuclei 
possessed two deeply stained nucleoli. The shape of the nuclei was mostly 
spherical or spheroid, but some of the larger nuclei were of various bizarre 
shapes and formed indented, concave or lobulated nuclei. Mitotic figures 
were fairly common, but no atypical figure such as multipolar division 
was observed. 
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TExT-FIGURE 4.—Diameter of nuclei of hepatomas with nuclei of micro-volume and 
of hepatomas with nuclei of macro-volume, and of surrounding liver cells is shown. 
The large nuclei appeared to fall within the range of volume of the tumors with 
small nuclei of micro-volume as shown in figure 5, and the peak of the calculated 
nuclear volume of large-nucleus tumors is markedly irregular, showing a noticeably 
high peak-volume at about 491.6 4’. 

222089—52 7 
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It is of interest to note that these tumors with large nuclei were always 
accompanied by other tumors with nuclei of different size. Perhaps 
they should be classified separately. This tumor with nuclei of macro- 
volume was more commonly associated with the tumors with normal- 
sized nuclei than with tumors with small nuclei, and in no case was it a 
pure, independent large-cell tumor. However, the borderline between the 
types of intermingled tumors was in general clearly demarcated. Round 
or irregular nodules of tumor tissue with large nuclei of macro-volume 
appeared to be within tumor tissue having smaller nuclei, suggesting a 
tumor within a tumor (fig. 5). 


HEPATOMA WITH TELANGIECTATIC FEATURES 


Ordinarily, the hepatic-cell tumor, whether induced or spontaneous, 
consists of two main components: neoplastic liver cells and accompanying 
non-neoplastic endothelial cells. In the hepatomas, large blood-filled 
spaces sometimes formed, lined by endothelial cells, and the hepatoma 
was macroscopically reddish purple. These have been referred to as 
telangiectatic hepatomas and histologically they were predominantly of a 
sinusoid type (figs. 1 and 6) in which the endothelial lining was a single 
layer in thickness, or a type in which some fibrous tissue also appeared in 
the wall, but they were never entirely homogeneous since both formations 
occurred in each tumor. 

In these telangiectatic tumors with dilated sinusoidal vascular spaces, 
most of the cells had nuclei of micro-volume or of normal volume, and no 
case of nuclei of macro-volume was found. Sinusoids were filled with 
blood cells, and the endothelial cells were flattened or a little swollen, 
thus separating the hepatoma cells into cords that were very thick. In 
cross section, these cords of cells sometimes looked like round or irregularly 
shaped islets floating in the sinusoidal blood. 

In the type in which fibrous tissue appeared in the vascular wall, the 
blood cavities were markedly enlarged, and surrounded by coarse or loose 
connective tissue forming small cysts. The blood cavities were mostly 
round. Hepatoma cells adjacent to these blood cavities were flattened 
or formed very thin cords. Many macrophages (swollen endothelial cells) 
laden with iron-positive pigment were scattered through the tissue. This 
formation was often noticed in the transplanted hepatoma. 


CLASSIFICATION OF PRIMARY AND TRANSPLANTED HEPATOMAS 


According to the above description, the spontaneous hepatomas could 
be classified as shown in table 2. 

The same type of separation was applied to the transplanted hepatomas 
obtained from Dr. H. B. Andervont. The volume of the nucleus was 
determined after measurement of nuclear diameters and the results 
obtained are shown in table 3. 
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TABLE 2.—Classification of spontaneous hepatic tumors* of mice according to nuclear size 








Cell type of |; 
hepatic tu- ee of 
morst ° 
Small cells with nucleus of micro-volume........... Ss 15 
Sn 13 
Normal-sized cells with nucleus of normal volume. ... . 4 20 
Vs 5 
Nl 2 
Nsl 1 

















*Tumors obtained from Dr. H. L. Stewart. 
tSymbols: 
S=Nucleus of micro-volume. 
sates with nuclei of micro-volume mixed with a minor portion of tumor tissue with normal nuclear 
volume. 
Ns a with normal-volume nuclei but containing a minor portion of tumor tissue with nuclei of micro- 
volume. 
N=Tumor with nuclei of normal volume. 
Nl=Tumor having nuclei of normal volume containing 3 minor portion of large tumor cells with nuclei of 
macro-volume. 
Nsl=Tumor having nuclei of normal volume containing minor portions of micro-volume cells and macro- 
volume tumor cells. One case in Sn type and three cases in N type tumor, respectively, could be 
further classified as telangiectatic. 


TaBLE 3.—Spontaneous and transplanted hepatic tumors of mice separated according to 
nuclear size* 






































wiumor | Generationd| I | II mi | Iv Vv VI 
25 Snl L N N Ln N N 
26 N N N N N N N 
27 Ns Ss s S Ss S Ss 
28 Ns Ns N N N 
29 S s N Ss Sn Ss Ss 
30 Snt eanen er sida sida sans denen 
31 Snf Na Na Nla Na Na Na 
32 Sn Ss Sp Piet ay: sees an pares 
33 Snl Sn N N L 
34 Ns N N | 

*Symbols: 

S, Sn, Snl—see table 2. 


N=Tumor with nuclei of normal volume. 
L=Tumor with nuclei of macro-volume, 
alte ~~ with nuclei of macro-volume containing a minor portion of tumor cells with nuclei of normal 
volume. 
Ns=Tumor with nuclei of normal nuclear volume containing a minor portion of small tumor cells with nuclei 
of micro-volume. 
Na=Tumor with nuclei of normal volume containing a minor portion of adenomatous tumor. 
tIn later generations, an epithelial tumor. 
tIn later generations, a hemangioendothelioma. 


It is worthy of note that the hepatoma evidently changed its charac- 
teristic nuclear volume during its transplantation period. For instance, 
the original tumor #25 (see table 3) was composed predominantly of small 
cells, but after the first transplantation this tumor was different in that 
its nuclei were then larger and of macro-volume. After the second 
transplantation its nuclei were smaller and of normal volume. After two 
generations it apparently reverted to large macro-volume nuclei and then 
again to smaller, normal-volume nuclei. 
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More profound changes in some of these transplanted hepatomas are 
described by Andervont and Dunn (12). 


DEGENERATION OF LIVER 


In ten livers of this series, small or large round masses of structureless 
material stained with eosin were observed in the cytoplasm of the liver 
cells. This substance was also stained red or pink with Mallory’s hyaline 
stain. There were a number of cells filled with fine hyaline bodies or with 
nuclei flattened and pushed to one side by a large hyaline body. This 
hyaline degeneration was seen in both tumorous and nontumorous portions 
of the liver, but occasionally was restricted to one or the other. Similar 
structures were described in the normal mouse liver by Campbell (13), 
who attempted unsuccessfully to transmit them, and by Burns and 
Schenken (9) in hepatomas. 

Eosinophilic globules were found in the nuclei. They were enclosed by 
thin but distinct basophilic membranes and sometimes occupied the major 
portion of the nucleus. They were infrequent in comparison to the cyto- 
plasmic bodies. Findlay (14) has described similar bodies in the liver of 
normal mice, and Andrew et al. (15) believed that they were related to 
aging. The appearance of such inclusions in tumor-cell nuclei is difficult 
to explain. 


NUCLEAR VOLUME OF SURROUNDING NoRMAL LIVER CELLS 


It is noteworthy that the size of the nuclei in the normal liver cells 
adjacent to the tumor varied greatly. Many more large nuclei were en- 
countered in the uninvolved liver cells of tumor-bearing liver than in 
those of non-tumor-bearing normal liver. By measurement of nuclear 
volume, it is obvious that the peak volume of nuclei of the large cells of 
the surrounding normal liver tissue, as shown in text-figures 1, 3, and 4, 
was higher than that of the nuclei of normal liver cells in ten 6-month-old 
C3H mice (text-fig. 2). It was also noted that when peak (III) volume 
of the nuclei of the large-cell tumors was higher (text-fig. 2), the peak 
(small-cell, I) of the first group in the surrounding liver tissue tended to 
decrease in nuclear-volume peak, leaving the second peak (II) of normal 
nuclei almost unchanged. 

DISCUSSION 


The constancy of nuclear volume in the same mammalian tissue has 
been observed by many authors since Jacobj (10) first described it in 1925. 
This means that the nuclei of a tissue can be divided into several groups 
according to the differences in volume, and the frequency maxima follow 
the ratio of 1:2:4:8. This regular multiplication of nuclear volume was 
confirmed in the present study, not only in normal liver, but also in spon- 
taneous hepatic tumors. ‘Tischler (16) and Timonen (17), who have 
studied plant and human tissue, found a clear correlation between chromo- 
some number and nuclear volume, and Biesele (18) has observed a similar 
condition in tumors. A correlation with chromosome number may also be 
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present in the different groups of nuclei in the hepatomas, but no determi- 
nations of chromosome numbers were carried out. Nevertheless, there are 
some facts that suggest a possible relationship between groups of hepatic 
tumors separated as to nuclear volume. Nearly half of the tumors studied 
histologically were combinations of two types in which, in addition to the 
major portion of the tumor consisting of small tumor cells with nuclei of 
micro-volume or tumor cells with nuclei of normal volume, tumors 
of another nuclear-volume value were also found. There was no case of 
independent large tumor cells with macro-volume nuclei, and no case 
of combination of micro-volume nuclei and nuclei of macro-volume. 
Those combinations of tumor types might indicate that the nuclei 
of micro-volume may have transformed into nuclei of normal nuclear 
volume and then into nuclei of large nuclear volume. Successive trans- 
plantation of spontaneous hepatoma of mice also reveals changes in 
nuclear volume during transplantation, with reversion in some cases to 
the original nuclear volume after a certain number of generations. 

By measurement of nuclear volume of liver tissue of mice before and 
after partial surgical hepatectomy, and before and after so-called chem- 
ical hepatectomy by the administration of a single dose of carbon tetra- 
chloride (19), it was found that immediately after hepatectomy the 
normal (IT) and large (III) cells were increased in number gradually, and 
then the pattern of nuclear volume evidently returned to that of normal 
liver nuclei after about ten days. These facts might suggest that cells of 
liver tumors may to a certain extent transform from one type to another 
(20) with regard to the volume of their nuclei. 

Little has been done on the problem of classifying hepatomas in mice 
according to nuclear volume. Richardson and Borsos-Nachtnebel (6) 
classified malignant hepatomas in rats induced by feeding 3-methyl-4- 
dimethylaminoazobenzene into large-cell and small-cell types. They 
did not measure the nuclear volume, but their observation suggests that 
the separations made for the hepatoma in mice might also be applicable 
to induced hepatic tumors in rats. 

Measuring the nuclear volume of liver tissue of rats fed 4-dimethyl- 
aminoazobenzene, Chuma (2/) found that larger cells of his third and 
fourth types increased rapidly in number within two weeks following 
treatment. It is reasonable to assume from Chuma’s work that the 
increasing number of larger cells in rat’s liver fed this azo dye may be a 
precursor stage in the development of a hepatic tumor. Similarly, some 
hepatomas in mice may be preceded by a stage of increased nuclear 
volume (text-figs. 1, 3, 4), although others have nuclei smaller than the 
normal. 

Opie and Lavin (22), have described the basophilia of liver cytoplasm 
after administration of 4-dimethylaminoazobenzene, and noticed a 
sequence of changes in the basophilic substance of the cytoplasm that 
preceded the development of hepatomas. These changes were character- 
ized first by diminution and later by reaccumulation of this substance, 
first in the region of the portal triad. Opie also stated that hepatoma 
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may develop from foci of basophilic hyperplasia. Apparently, however, 
he did not notice any special pattern of basophilic substance in hepatoma. 
Recently, McKay and Farrar (23) and Szanto and Popper (24) have also 
studied the basophilic material in human liver tissue and noted its distri- 
bution and arrangement in various diseases of the liver, including liver-cell 
carcinoma. McKay and Farrar (23) described the basophilic substance 
as having no particular arrangement but rather a diffuse distribution in 
the cytoplasm. Szanto and Popper (24) stated that they found the 
basophilic substance to be predominantly perinuclear in arrangement, 
as Stowell (25) described for mouse liver, and infrequently in the periphery 
of the cytoplasm. This substance is considered to be pentose nucleic 
acid. However, the arrangement of basophilic substance in their carci- 
nomas of human liver did not resemble that of the substance in sponta- 
neous hepatomas of mice. 


SUMMARY 


A histologic classification of 58 spontaneous hepatic tumors in 56 mice 
has been devised. It is based on the measurement of nuclear volume 
and reveals that three types of tumor may be differentiated: tumors 
with cells having nuclei of micro-volume, tumors with cells having nuclei of 
normal volume, and tumors with cells having nuclei of macro-volume. The 
possible significance of these types of tumor is discussed. 

The same classification was applied to 10 primary spontaneous hepa- 
tomas and their transplants for six generations. 

Measurements of nuclear volume from normal liver tissue in animals 
with hepatoma, and from normal livers of non-tumor-bearing animals are 
given. 

The arrangement of basophilic cytoplasmic substance and certain 
degenerative changes of the liver have been described. 
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Piate 66 


FicvurE 1.—Telangiectatic form of hepatoma in mouse tumor with cells having nuclei of 
micro-volume. Hepatoma cells are hypertrophic and sinusoids are dilated. Con- 
tiguous liver cells in the upper portion are flattened and atrophic. 260 


FicurE 2.—Hepatoma with nuclei of micro-volume. Note relatively small size of 
tumor cells in comparison to surrounding cells shown in lower part of photograph. 
The tumor cells form a compact mass, rather than cords. < 260 
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PLatTE 67 


Figure 3.— Hepatoma of mouse with nuclei of normal volume. The tumor cells are 
arranged in cords with alternating sinusoids lined with endothelium. Many mitoses 
may be seen. X 260 


Figure +.—Hepatoma of mouse with nuclei of macro-volume. Cell cords are irregular 
and nuclei are generally larger than tumors having nuclei of normal volume such as 


? 


the one shown in figure 3. Cytoplasmic basophilic substance is arranged in rows 
perpendicular to the cell membrane, as indicated with arrows. < 260 
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PLate 68 


Ficure 5.—A tumor within a tumor. Three types of tissue can be observed: on the 
left, normal nontumorous liver; in the middle, tumor tissue having nuclei of micro- 


volume; and on the right, tumor tissue having nuclei of macro-volume. * 260 
Ficure 6.—Telangiectatic form of tumor with nuclei of normal volume. Sinusoids 


are dilated and filled with blood cells. Endothelial cells are adherent to the group 
of hepatoma cells that are very thick. * 260 
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Blood Plasma Sulfhydryl Levels 
During Growth and Regression of the 
Murphy Lymphosarcoma of the Rat "” 


BERNARD SHacTER, Ceci ENTENMAN, and M1- 
CHAEL B. SurmkIn, Biological and Medical Sciences 
Division, U. S. Naval Radiological Defense Labo- 
ratory, and the Laboratory of Experimental Oncology, 
National Cancer Institute, and the Division of Med- 
icine, University of California School of Medicine, 
San Francisco, Calif. 


In a previous report, it was noted that the sulfhydryl levels of the 
blood plasma decreased markedly in rats subjected to surgical trauma or 
to total-body X irradiation (1). The time sequence of the decreases in 
plasma sulfhydryl levels appeared to parallel the increase in mitotic ac- 
tivity in tissues of animals subjected to somewhat similar stresses. It 
was therefore suggested that the decreased plasma sulfhydryl levels 
observed in the rat may result from increased rates of utilization of 
sulfhydryl groups by tissues during periods of accelerated cellular 
proliferation. 

The validity of such a concept is difficult to establish in traumatized 
animals, since tissue injury per se cannot be completely ruled out as an 
important factor in the sulfhydryl changes observed. Moreover, no 
simple yardstick is available as a measure of the rate of tissue proliferation. 
Such considerations should largely be obviated with a test system involving 
growth of a transplantable tumor. The trauma incident to transplanting 
would appear to be minimal, while the rate of increase in tumor weight 
serves as an appropriate measure of the rate of tissue proliferation. 

In an attempt, therefore, to test the hypothesis further, a study was 
made of plasma sulfhydryl changes concomitant with the growth of the 
Murphy-Sturm lymphosarcoma of the rat. The tumor was apparently 
heterologous to the rats used in the study, and regressed after a period of 
rapid growth (2). An opportunity was also afforded, therefore, for deter- 
mination of the effect of tumor regression on plasma sulfhydryl levels. 
Since cortisone is known to retard the growth of the Murphy-Sturm 
lymphosarcoma (3), the effect of cortisone administration on tumor 
growth/plasma sulfhydryl relationships was also determined. 


1 Received for publication July 7, 1952. 


2 Presented in part at a meeting of the American Association for Cancer Research, April 1952. (Cancer Research 
12: 295, 1952.) 


3 National Institutes of Health, Public Health Service, Federal Security Agency. 
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MATERIALS AND METHODS 


Male Sprague-Dawley rats, approximately 3 months old, were used 
throughout the present study. They were kept 5 or 6 to the cage and 
were maintained on Purina laboratory chow. The animals were allowed 
free access to food and water until one day prior to sacrifice, when food 
was withdrawn. 

The Murphy-Sturm lymphosarcoma used for transplanting was initially 
grown in Carworth Farm rats.* The tumor was carried through at least 
3 transplants in Sprague-Dawley rats prior to use in the studies reported 
here. Tumor brei, prepared from non-necrotic tumor areas, was diluted 
with an approximately equal volume of sterile saline, and 0.5 ml. aliquots 
were injected subcutaneously high on the flank through an 18-gauge 
needle. Aseptic technique was used in preparation and administration of 
the tumor material. 

Cortisone acetate,5 when administered, was given subcutaneously on the 
contralateral flank. The 5 mg. of the drug given daily was injected in 
divided doses, morning and afternoon. 

The analytical procedures used were essentially similar to those pre- 
viously described (1). At the time of sacrifice, the chest was opened under 
ether anesthesia, and blood was collected by cardiac puncture in syringes 
moistened with heparin. The blood was chilled on collection, centri- 
fuged in the cold for 20 minutes, and the plasma was removed and kept 
in an ice bath for sulfhydryl and protein analysis. 

Sulfhydryl determinations were performed by amperometric titration 
with the rotating platinum electrode. The titration medium was a 40 
percent ethyl alcohol solution containing, in final concentration, 0.05 
M ammonium nitrate and 0.25 M ammonium hydroxide as supporting 
electrolytes. Ethylenediamine tetra-acetic acid was added to a final con- 
centration of 3.3 X 10-' M (4). One-half ml. of plasma was used for each 
determination, and the titration was carried out with 0.001 M silver 
nitrate. 

Plasma sulfhydryl] levels have been expressed in relation to total plasma 
protein content, as determined by the biuret method of Gornall et al. (5). 


RESULTS 


In the first experiment, 52 rats bearing tumor implants, and 27 un- 
injected control rats of the same litter groups, were sacrificed at intervals 
as shown in table 1. The relationship of tumor growth to changes in 
plasma sulfhydryl levels is shown graphically in text-figure 1. 

There was an initial lag phase in tumor growth which extended through 
approximately the sixth day; the tumors then began increasing rapidly 
in size. At approximately the fifteenth day after implantation, when 
their size appeared maximum, the tumors ulcerated through the skin. 
They then declined rapidly in size, and by the twenty-third day only 
small ulcerated areas remained at the tumor sites, with almost complete 


‘ The authors are indebted to Dr. Joseph Stasney for supplying several tumor-bearing rats. 
5 Merck saline suspension of Cortone acetate, containing 25 mg. per ml. 
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TABLE 1.—Effect of tumor growth on plasma sulfhydryl and protein levels of 














of the rat t 
Sulfhydryl in uM per gm. | Protein in gm. per | 
Days protein 100 ml. —_— 
after | a 
implant- | | weight 
ing — Tumorim- | Con- | Tumor im- | =o=. 
planted. Pt | trol | planted. Pt | 
| | 
2 | 886(4) | 657(8) ** | 5.41 | 5.62 0.940.4 
4 | 8.52 (4) | 7.07 (8) ** 5.48 5.31 1.3+0.4 
6 | 894(4) | 758 (8) ** | 5.44 | 5.30 1440.3 
9 | 8.22(4) | 6.90(8) ** 5.52 | 5.21 5.5+3.4 
12 | + 8.27(4) | 6.28(8) ** | 5.41 4.65 ** 18.2+5.4 
16 | 8.23 (4) 7.15 (8) ** 5.49 | 4.87 ** 31.0+7.0 
23 | 8.64 (3) | 7.72 (4) ** | 5.70 | 5.54 
S. D.§ 0.35 0.25 




















tValues are means for the number of animals indicated in parentheses in the sulfhydryl columns. For both 
sulfhydryl and protein determinations, variances of the samples were tested for homogeneity and were found not 
to vary significantly over the test period. Pooled estimates of the standard deviations were therefore derived 
and applied in calculating significance of differences between means. Variances for tumor weights were non- 
homogeneous, and the standard deviation is shown with each mean. 


tProbability of a chance difference between means of control and corresponding tumor-implanted rats. 
**P<0.01 


§Standard Deviation. 


disappearance of the tumors. The course of tumor growth beyond the 
twelfth day is indicated by the dotted line in text-figure 1. 

During the period of 6 to 12 days following implantation, the tumors 
appeared to be in the logarithmic growth phase, demonstrating a rela- 
tively constant percentage rate of growth. Since the tumors had ulcer- 
ated and apparently begun to regress by the sixteenth day, it is obvious 
that a point of inflection in tumor growth rate must have occurred be- 
tween the twelfth and sixteenth days. Beyond this point the rate of 
tumor growth diminished, becoming zero when the tumors reached their 
maximum size, and then negative as the tumors ulcerated and regressed. 

At the time of the first sacrifice, 2 days after transplanting, the plasma 
sulfhydryl content of the tumor-bearing rats was significantly depressed 
below values for the controls. During the lag phase in tumor growth, 
the sulfhydryl concentration rose, but was still significantly below normal 
at the sixth day. Coincident with the accelerative phase of tumor growth 
between the sixth and twelfth days, the plasma sulfhydryl content de- 
creased once more, and then, as the tumor growth rate declined, the plasma 
sulfhydryl content began to rise again. By the twenty-third post- 
implantation day, the sulfhydryl content was approaching normal values. 

Plasma protein concentrations of tumor-bearing rats remained un- 
changed until the time of rapid tumor growth 12 days after implantation, 
when a significant decrease was noted. The protein level was somewhat 
higher on the sixteenth day, and had returned to the normal range by 
the twenty-third day. 

The initial fall in plasma sulfhydryl levels following tumor implantation 
was puzzling. It seemed unlikely that the amount of trauma occasioned 








650 JOURNAL OF THE NATIONAL CANCER INSTITUTE 





wo 
T 











PLASMA SULFHYDRYL 
(UM PER GM PROTEIN) 
+ 
” 
= 
fy 


ao 
T 





TUMOR WEIGHT (GM) 
a 
1 











1 i i i iL i L i - 


2 4 6 8 10 2 4 6 /! 2 
DAYS AFTER TRANSPLANTING 


TEXT-FIGURE 1.—Plasma sulfhydryl levels as related to tumor growth. Control 
values are represented by an area centered on the over-all mean for the whole test 
period, and of a height equal to the 99 percent confidence interval for the mean, 
calculated on the basis of four animals per day and using a pooled estimate of the 
Standard Deviation. 





by transplantation would account for the marked change in sulfhydryl. 
Could the effect be due to a nonspecific tissue reaction resulting from 
the introduction of a foreign material? The second experiment was 
designed to test this possibility, and also to determine the effect of cortisone 
administration on tumor growth and plasma sulfhydry] levels. 
Fifty-eight rats received implants of tumor brei, as in the first experi- 
ment, after which the animals were divided into two groups: One group 
of 34 remained untreated, while the 24 rats of the second group received 
cortisone injections, beginning with the third day after transplanting. 
An additional 22 rats received implants of spleen brei. The spleens, 
obtained from normal rats, were treated and injected under conditions 
identical to those used for the tumor. Thirty-six uninjected rats served 
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DAYS AFTER TRANSPLANTING 
TEXT-FIGURE 2.—Plasma sulfhydry] levels in rats bearing implants of tumor and spleen. 
Control values are represented by an area centered on the over-all mean for the 
whole test period, and of a height equal to the 99 percent confidence interval for 


the mean, calculated on the basis of six animals per day and using a pooled estimate 
of the Standard Deviation. 


as controls. All rats used in the experiment were from the same litter 
groups. Results of the experiment are presented in table 2 and text- 
figure 2. 

In untreated rats bearing tumor implants, the course of tumor growth 
and regression, as well as the pattern of changes in plasma sulfhydryl and 
protein levels, was similar to that found in the first experiment. On the 
twenty-sixth day after implantation, the tumors had completely regressed, 


* In a preliminary experiment on twelve normal rats, receiving 5 mg. cortisone acetate daily, and sacrificed 
in groups of three on the second, fourth, seventh and ninth days after administration was started, no significant 
differences were found in the plasma sulfhydryl] and protein concentrations of the cortisone-treated animals as 
compared with equal numbers of untreated control rats, sacrificed at the same times. It was therefore considered 
unnecessary to include a control group of cortisone-treated rats in the present study. 
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and only small scars remained at the tumor sites. Plasma sulfhydryl 
and protein levels had returned to the normal range by this time. 

Animals injected with spleen brei showed initial decreases in plasma 
sulfhydryl levels of the same magnitude observed in rats receiving tumor 
transplants.’ The sulfhydryl levels of the spleen-injected rats then rose 
in a linear fashion, and were approaching the normal range by the twelfth 
post-implantation day.’ Injection per se does not affect plasma sulfhydryl 
levels, since no immediate changes were observed in intact rats receiving 
intraperitoneal injections of either radiomimetic substances (1) or cortico- 
trophin (7), nor did the repeated subcutaneous injection of cortisone to 
intact rats result in plasma sulfhydry! changes. It would appear, there- 
fore, that the initial decreases in plasma sulfhydryl levels which followed 
injection of spleen or tumor brei probably resulted from nonspecific 
inflammatory reactions to the administered tissue material. 

No changes in plasma protein concentration were observed in spleen- 
injected rats. 

Administration of cortisone resulted in a 2 to 3 day extension in the lag 
phase of tumor growth. Once tumor growth entered the accelerative 
phase, however, the rates of growth for cortisone-treated animals approx- 
imated those of untreated tumor-bearing rats. On the sixteenth post- 
implantation day, similar tumor weights were obtained for both groups. 
The tumors of untreated animals were ulcerated at this time, however, 
and were declining rapidly in weight, while tumors of cortisone-treated 
rats were not ulcerated and were probably just approaching their peak 
weight. 

The relationship of plasma sulfhydryl levels to rate of tumor growth is 
emphasized by the sulfhydryl changes observed in the cortisone-treated, 
as compared with the untreated, tumor-bearing rats. As tumor growth 
was inhibited by administration of the hormone, the plasma sulfhydryl 
content began rising above that of untreated tumor-bearing rats. Twelve 
days after tumor implantation, sulfhydryl levels of cortisone-treated rats, 
whose tumors had progressed only a few days into the accelerative growth 
phase, were significantly higher than those of the untreated animals, 
whose tumors were approaching the maximum growth rate. An inter- 
esting situation had developed by the sixteenth day after tumor implan- 
tation. At this time, the tumors of cortisone-treated rats were still grow- 
ing, and the plasma sulfhydryl trend was downward, while the tumors of 
untreated rats had ulcerated and were decreasing in size, and the plasma 
sulfhydryl content was going upward. 

The plasma protein content of cortisone-treated rats seemed somewhat 
elevated two days after hormone administration was begun. At the time 
of rapid tumor growth on the sixteenth post-implantation day, however, 
the protein concentration was significantly lowered. 


7 On the second day after implantation, the spleen, as well as tumor-brei-implant nodules, were shown by 
histologic examination to consist of necrotic areas, surrounded by inflammatory tissue. 
* These sulfhydryl changes were similar to those observed in rats subjected to surgical trauma (1). 
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DISCUSSION 

The experiments reported here support the concept that the plasma 
serves as an immediate source of sulfhydryl groups for tissue requirements. 
When the rate of utilization by tissues is sufficiently high, the withdrawal 
of sulfhydryl groups from the plasma may initially exceed their rate of 
replenishment (from a sulfhydryl source) and the plasma sulfhydryl] level 
diminishes. As the requirement for sulfhydryl groups falls off during 
tissue recovery, the plasma sulfhydryl levels begin returning to normal. 

If, instead of the acute conditions which existed in present and previous 
experiments (1), the rate of cellular proliferation were to remain high, 
as for example during protracted tumor growth, would the plasma sulf- 
hydryl level remain depressed, or would it eventually return toward 
normal? Experimental evidence bearing on this question is lacking. A 
re-examination of the data previously reported (8, 9) on the serum 
sulfhydryl levels of patients with neoplastic disease, however, indicates 
that the levels remain low as the disease progresses, and terminal cases 
continue to have lowered serum sulfhydryl levels. The data of Schoen- 
bach et al. (10) lead to a similar conclusion. It appears likely, therefore, 
that plasma sulfhydryl levels remain depressed as long as the rate of 
tissue proliferation remains high. 

The rise in plasma sulfhydryl levels which accompanies spontaneous 
tumor regression in rats may occur also in clinical neoplastic disease after 
successful chemotherapy. Following the administration of nitrogen mus- 
tard to two patients with Hodgkin’s disease, definite elevations in serum 
sulfhydryl levels were observed, coincident with decrease in the size of 
lymph nodes and spleen.’ Schoenbach and co-workers (10) have re- 
ported increases in the sulfhydryl content of both the albumin and glob- 
ulin fractions of serum protein in patients bearing malignant tumors and 
treated with folic-acid antagonists, at the same time that clinical improve- 
ment was noted. With subsequent relapse, the sulfhydryl contents 
decreased again to the pre-therapy levels. 

The interrelationships between adrenal activity, sulfhydryl groups, and 
tumor growth merit consideration. Attention has already been called 
(1), on the one hand, to numerous references in the literature indicating 
antagonistic effects of adrenal steroids and sulfhydryl-containing sub- 
stances. Apropos also is the observation of Anderson et al. (12) that 
hyaluronidase, a sulfhydryl enzyme, when inhibited by cortisone and 
corticotrophin, may be reactivated by the addition of glutathione. They 
have suggested sulfhydryl enzyme inhibition as a mechanism in the effects 
of corticotrophin and cortisone in rheumatoid arthritis (13). Lieberman 
(14) has shown that certain steroids may react with cysteine to produce 
thiazolidines, and has suggested that steroid hormones may conjugate 
with sulfhydryl-containing enzymes by the same mechanism. 

The effect of corticotrophin and cortisone in arresting, at least temporar- 
ily, the growth of several animal and human neoplasms is now well estab- 
lished (15). While the mechanism for such action remains obscure, it 





* Unpublished data reported at a meeting of the American Association for Cancer Research, April 1950 (11). 
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seems possible, on the basis of available evidence, that the hormones may 
exert their effect by inhibiting the utilization of sulfhydryl groups essential 
for tissue proliferation, thus temporarily stemming neoplastic growth. 
Such an effect might account for the rise in plasma sulfhydryl levels which 
followed the administration of cortisone to the tumor-bearing animals 
of the present experiments, since diminished utilization of sulfhydryl 
groups by the tissues could manifest itself by a higher plasma sulfhydryl 
level. A similar mechanism was proposed for the effect of cortisone and 
corticotrophin in partially preventing the fall in rat plasma sulfhydryl 
levels following laparotomy (7). It is obvious, however, that the effect 
of cortisone in preventing utilization of sulfhydryl groups by neoplastic 
tissues, if such actually occurs, is only a temporary one, since tumor 
growth in general is eventually resumed following cortisone treatment, 
accompanied, in the present experiments, by a fall in plasma sulfhydryl 
levels. 


SUMMARY 


1) When the Murphy lymphosarcoma of the rat was transplanted into 
Sprague-Dawley rats, there was an initial lag phase in tumor growth, 
followed by a period of rapid proliferation. The tumors eventually 
reached a maximum size, ulcerated, and then regressed completely. 

2) During the phase of accelerative tumor growth, there was a marked 
decrease in the sulfhydry] content of the plasma. As the tumors re- 
gressed, the plasma sulfhydryl levels began returning to normal. 

3) Cortisone, administered to tumor-bearing animals, delayed the 
accelerative phase of tumor growth and the fall in plasma sulfhydryl 
levels for a few days. As the rate of tumor growth of cortisone-treated 
rats became accelerated, however, there was a concomitant fall in the 
plasma sulfhydryl concentration. 

4) The experiments were considered to lend support to the concept 
that decreases in plasma sulfhydryl levels are a reflection of markedly 
increased utilization of sulfhydryl groups by tissues. The suggestion 
was made that adrenal hormones may exert their inhibitory effect on 
tumor growth by inhibiting the utilization of sulfhydryl groups essential 
for tissue proliferation. 
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Histogenetic Classification of Induced 
Gastric Sarcomas in Mice! 


Erxxi A. Saxtn? and Haroitp L. Srewart, 


Laboratory of Pathology, National Cancer Institute,’ 
Bethesda, Md. 


The present report is based on a study of pathologic material from 177 
mice used in experiments designed to induce gastric cancer by injection 
of carcinogenic hydrocarbons into the wall of the glandular stomach. 
The experimental procedures and the results have been reported previously 
(13, 14). The experiments were conducted for the purpose of experi- 
mental induction of carcinoma of the stomach, but many sarcomas were 
also induced. It is with the histogenetic classification of the induced 
sarcomas that the present communication is concerned. 

The classification used is purely morphologic in nature. It is based 
mainly on the classification used in earlier studies of the morphology of 
induced subcutaneous sarcomas in mice (8, 10, 15) and to some degree 
on their resemblance to neoplasms in human beings. 


Before presenting the material, some of the difficulties of histogenetic classification 
should be pointed out. The tumors are often rapidly growing and may show very 
little differentiation toward recognizable adult tissues. 

The carcinogens injected into the wall of the stomach may come in contact with 
many different tissues, such as fibrous tissue, smooth and skeletal muscle, lymphoid 
tissue, nerves and ganglia, endothelium, epithelium, and fat. Tumors of multiple 
tissue components may thus be expected to and indeed do arise. Intermingling of 
tumors originating in separate foci [‘‘Kollisions tumoren” (9)] and a neoplastic change 
in two or more contiguous tissues [‘“‘Kompositions tumoren’”’ (9)] are possibilities. 

The possible collateral hyperplasia of the invaded tissues may be difficult or even 
impossible to distinguish from true neoplasia. When myoglia or myofibrils are found, 
it may be impossible to judge whether these are the product of the cells of a genuine 
tumor or of pre-existing or proliferating muscle fibers. Pre-existing myoglia may be 
displaced and redistributed over a wide area as a result of the muscularis mucosa being 
broken up due to the growth of the sarcoma. 

The possibility that muscle elements dedifferentiate into spindle cells that are 
malignant and indistinguishable from those of connective-tissue origin should be 
borne in mind (1, 7). 

It is also known that benign and malignant smooth-muscle tumors may occasionally 


resemble Schwannomas, because of the cellular palisading that occurs and the paucity 
of collagenic fibers. 


1 Received for publication July 16, 1952. 
2 Present address: Central Institute for Radiotherapy, Helsinki, Finland. 
§ National Institutes of Health, Public Health Service, Federal Security Agency. 
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While fully aware of the difficulties and limitations of histopathologic technique 
and the interpretation of histologic differences, the present classification, nonetheless, 
of induced gastric sarcomas in mice has been attempted. 


MATERIAL 


The material consisted of 177 sarcomas induced by the injection of 
a carcinogenic hydrocarbon into the wall of the glandular stomach of 
inbred mice. The exact data on carcinogenic hydrocarbons and sus- 
pensions or solutions employed, dose administered, and strains of mice 
used are given in table 1. Complete autopsies were performed. All of 
the specimens were fixed in Zenker’s acetic acid or in Zenker’s formol 
fluid. The tissues were embedded in paraffin and sections were prepared 
routinely with hematoxylin and eosin, van Gieson’s stain, Masson’s 
trichrome stain, Wilder’s silver reticulum impregnation method, periodic 
acid-Schiff reaction, and the phosphotungstic acid-hematoxylin stain. 
In selected cases, Bielschowsky’s and Bodian’s silver impregnation 
methods, and the acid phosphatase reaction were used. 


RESULTS 


The two types of sarcoma most frequently found to develop following 
the injection of the carcinogenic hydrocarbon into the wall of the glan- 
dular stomach were leiomyosarcoma and fibrosarcoma. In addition, 
many tumors having certain characteristics of a smooth-muscle tumor 
were found but neither myoglia nor myofibrils could be demonstrated in 
them. These tumors are called ‘questionable’ leiomyosarcomas and 
dealt with as a subgroup to leiomyosarcomas. Some tumors were also 
diagnosed as rhabdomyosarcoma and malignant Schwannoma. In the 
case of many tumors that were obviously sarcomas, it was impossible to 
determine the histogenesis and they are listed as ‘‘unclassified’”’ sarcomas. 
Among these are sarcomas showing post-mortem changes. 

The post-mortem changes were not sufficiently pronounced to preclude 
differentiation of sarcoma and carcinoma, but staining of the finer histo- 
logic structures such as fibroglial and myoglial fibrils could not be de- 
pended upon. 

As mentioned at the outset, tumors of several different neoplastic com- 
ponents were sometimes found. These tumors were arbitrarily classified 
according to the type of tissue composing the greater part of the growth. 
In table 2, the different types of tumor are presented according to the 
treatment, and in table 3, according to the strain of mouse. Table 4 
shows the time between injection and autopsy in different tumor groups. 
The results presented in the text following are grouped according to the 
type of tumor and are followed by separate discussions and comparisons 
of the induced tumor. 
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TABLE 2.—The number of sarcomas of each different histologic type induced by different 
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treatments 
Leio- | , Ques seat» | tiene | een el z | 
io- |tionable| Fib ab- | Malig- | comas, includ- 
Treatment — jeiomyo, ar — mS me with Total 
com: coms | coma noma “| 

0.01-0.02 cc. of MC* in | | 

horse serum............ 9 7 | 2 3 0 10 (6) 31 
0.03-0.05 ec. of MC in | 

re 5 | 4 | 1 1 0 6 (5) 17 
0.02-0.03 cc. of MC in | 

ES eet 5 3 | 2 1 2 2 (1) 15 
0.04-0.06 cc. of MC in | 

mineral oil............. 3/ 11] 0 2/| 0 3 (1) 9 
0.01 ce. of MC suspension, 

methocel, AerosolOT...| 24 | 17 20 | 5&5 | 3 | ~~ 23 (6) 92 
0.02 ec. of DBAT in horse | 

Ra ae arta aie al as oe | 2 0 | 3 1 | O 2 (2) 8 
0.04-0.06 cc. of DBA in | 

BS cies ea catieae oa . ) ® 2 1 oO | 1 (0) 5 
ee 49 | 32 30 14 5 | 47 (21) 177 








*MC =2-methylcholanthrene. 


tDBA=1,2,5,6-dibenzanthracene. 


TaBLeE 3.—The number of sarcomas of each - pny histologic type occurring in different 


strains of mice treate 


with carcinogens 























? Ques- Unclassified sar- 
Leio- |tionable| Fibro- | ab- | Malig- | comas, includ- 
Strain — \leiomyo-| __sar- —- a se dg Total 
» Foor coms - |Schwan- ( ) with 
coma coma com: noma post-mortem 
change 
I Sis ot x nie yarn ien enemies 25 17 15 7 4 23 (14) | 91 
SR chenws openeinsantes | 6 5 6 3 0 4 (1) | 24 
NS bear sine aie a oiieia | 4 5 3 2 0 11 (3) | 25 
pccccnkdnbeyeee 1 1 4 1 0 5 (2) | 12 
ee ere 2 0 0 0 0 0 | 2 
eee re 2 0 1 0 0 1 (0) 4 
ee OER aioli de sate Atte OED | 9 4 1 1 1 3 (1) |} 19 
iad iid oe raat 49 32 30 14 5 47 (21) | 177 














TABLE 4.— Time between injection and autopsy for different types of tumor induced by 




















carcinogens 

Unclassified sar- 

Leio- | 24° | aie. | Rhab- | Malig- | comas, includ- 
Time — a =. —_ s boll oc) with Total 

(months) — — si _— “aa. 
es rasa Gunde beh WE Regt 10 5 1 4 1 6 (3) 27 
ees 8 7 3 2 2 10 (4) 32 
ee ee ere 10 4 8 3 1 13 (4) 39 
a cada Gb ears ere seed 6 8 4 2 0 5 (3) 25 
errr ee 6 5 5 2 0 3 (2) 21 
ree rere 4 1 1 0 1 3 (2) 10 
I a i wd ayesha ay 1 0 2 1 0 1 (0) 5 
RNG oy 6S aseh ere ace. dtlaca ar whats 4 2 6 0 0 6 (3) 18 
Total tumors.......... 49 |32 |30 |14 | 5 47 (21) | 177 
Mean time (months)....| 5.8 5.9 7.4 4.9 | 5.3 6.2 (7.1) | palate 

















*<=less than. 


tS =equal to or greater than. 
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FIBROSARCOMAS 


There were 30 fibrosarcomas. These tumors occurred in strains C3H, 
C3Hb, BALB/c, C57BL, DBA, and A mice of both sexes. The age of 
the animals when killed varied from 7 to 24 months, the average time 
from injection to autopsy being 7.4 months. In 7 cases, the diagnosis of 
adenocarcinoma of the glandular stomach coexisting with fibrosarcoma 
wasmade. Eight of the fibrosarcomas were for the most part intragastric, 
and 10 were mostly outside the muscular wall of the stomach. In 4 
cases, the fibrosarcomas were intramural. Eight of the tumors invaded 
the liver or the pancreas or both. The tumors were spherical, firm, rather 
sharply circumscribed, and not encapsulated. 

The tumors were composed of elongated spindle-shaped cells arranged 
in bundles running in different directions. The blood vessels were numer- 
ous and immature in structure. Around the nucleus comparatively little 
acidophilic cytoplasm was found. Mitotic figures were numerous. The 
collagenic material varied in amount, but was usually abundant. The 
reticulum fibers were of variable thickness and formed a meshwork 
embracing single cells. Fibroglia were demonstrated by the phospho- 
tungstic acid-hematoxylin stain in all cases (fig. 1). Tumors resembling 
fibrosarcoma in which fibroglia or collagenic fibers could not be demon- 
strated were listed in the group of unclassified sarcomas. 


LEIOMYOSARCOMA 


Forty-nine tumors were considered to be derived from smooth muscle, 
and myoglia and myofibrils were demonstrated in this group. In addition, 
32 tumors were tentatively diagnosed as leiomyosarcoma, but myoglia or 
myofibrils were not demonstrated in these. The tumors were grayish, 
rather sharply circumscribed, nonencapsulated and spherical. Areas of 
necrosis and hemorrhage were often present. 

The tumors occurred in both sexes of all the strains of mice used, and 
following all the different treatments employed. The average age of 
mice when killed was 8 months and the time from injection to autopsy 
varied from 3 to 11 months. The mean time between injection and 
autopsy was 5.8 months for the mice with leiomyosarcomas and 5.9 months 
for the questionable leiomyosarcomas. Twenty-three sarcomas were asso- 
ciated with adenocarcinoma of the glandular stomach. Ten tumors 
were mostly intragastric and 27 intramural; in 11 cases the tumor was 
extragastric for the most part. 

The tumors were composed of interlacing bundles of rather large spindle- 
shaped cells. Giant cells and bizarre cells with one to several large nuclei 
were often found. The cytoplasm was abundant, dense and acidophilic. 
Periodic acid-Schiff-positive material was not found. Palisaded nuclei 
were seen in two cases. The stroma was scanty and collagenic material 
was minimal in amount. Reticulum fibers were found, usually running 
parallel with the bundles. They varied little in diameter and were thin. 
The complex network seen in fibrosarcomas was lacking. 

Forty-nine of tumors diagnosed as leiomyosarcoma were found to 
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possess myoglia or myofibrils while 32 tumors with similar histologic 
appearance showed no myoglia or myofibrils. The diagnosis of the latter 
is therefore considered tentative. The short, coarse myoglial fibrils were 
very different from the fine, branching fibroglial fibrils of fibroblasts. 
They stained more deeply blue than the fibroglial fibrils (fig. 2). The 
blood vessels were immature in form, lacking elastic tissue and muscle, 
and in three tumors angiomatous areas were found. The first-generation 
transplants of these tumors were similar to the primary tumor. 


RHABDOMYOSARCOMA 


Fourteen tumors were classified as rhabdomyosarcoma. They occurred 
in both sexes of C3Hb strain mice, in a female mouse of strain A, and in 
male mice of strains BALB/c, C57BL and C3H. The average age of the 
mice when killed was 8 months (7 to 10% months) and the average number 
of months after the injection, 4.9. Nine of the tumors were situated near 
or around the esophagus where striated muscle is normally present. 

The tumors were made up of masses of large cells of extremely var- 
iable size and shape, and in some tumors the cells were arranged in 
conspicuous bands. There were many bizarre and straplike cells, and 
giant cells with several nuclei in the center and large vacuoles in the 
periphery were common (fig. 3). The cytoplasm was acidophilic, in 
4 tumors very strongly so. The cytoplasmic vacuoles remained un- 
stained after the periodic acid-Schiff reaction. In the phosphotungstic 
acid-hematoxylin preparations, fine longitudinal myofibrils were observed 
in 5 tumors and in 4 the intracellular granules were so arranged as to 
suggest an abortive attempt to form cross striations. Unequivocal cross 
striation, however, was not demonstrated in any of the tumors. In 
addition to the large cells with an abundant cytoplasm and large nuclei, 
there were also smaller rounded cells, with small dark nuclei in 4 cases. 
The connective-tissue framework was well differentiated in two tumors. 
The reticulum was coarse and surrounded larger cell masses between 
which no reticulum could be seen (fig. 4). The delicate reticulum net- 
work seen in fibrosarcomas was not observed. The tumors were extremely 
vascular and two of them contained angiomatous areas. One of the 
tumors, classified as rhabdomyosarcoma, was transplanted for five gener- 
ations. The first-generation transplant was similar to the primary 
tumor, but in the later generations nothing suggesting skeletal-muscle 
origin could be found. 


MALIGNANT SCHWANNOMAS 


Five tumors were diagnosed as malignant Schwannoma. They occur- 
red in male mice of strains C3H and A and in a female mouse of strain 
C3H. The age of the mice when killed varied from 6 to 13 months 
(average 9 months) and it was from 3 to 8 months after injection of the 
carcinogen (average 5.3 months). The tumors were situated near the 
pylorus and their size varied from 10 XK 11 X 7 mm. to 18 X 14 X 16 mm. 
The tumors were soft, elastic, and the cut surface whitish or gray. 
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Histologically (2) the tumors differed from each other in the fact that 
in some the main part of the tumor was formed of the fibrillar tissue 
type (resembling Antoni’s A type) (fig. 5), while in two, the reticular 
shape of Schwannian growth was observed (fig. 6). In three of the 
tumors, palisading of nuclei was seen and in two tumors the bundles 
formed knotty and ropelike formations resembling Verocay bodies 
(fig. 7). In one tumor, caricatures of Wagner-Meissner tactile corpuscles 
were found (fig. 8). 

The nuclei were large and pale, poor in chromatin, and averaged 
6 X 9 microns in size. However, in some areas of the tumor, marked 
nuclear polymorphism was present. The nucleoli were prominent. The 
cytoplasm was abundant, colored yellow with van Gieson’s stain and 
pink with the trichrome stain. The cytoplasm seemed to be surrounded 
by an envelope staining weakly red with van Gieson’s stain and weakly 
blue with the trichrome stain. Silver impregnation revealed thin black 
fibers parallel to the long axis of the cell and of uniform thickness. Very 
little collagenic material was present. Phosphotungstic acid-hematoxylin 
demonstrated no myoglia or myofibrils, but fibroglia were occasionally 
seen. Starlike cells, anastomizing one with another to form a syncytial- 
like pattern, were characteristic of reticular areas. In general, there were 
fewer nuclei than in fibrillar areas and those present were often slightly 
smaller and darker. Hardly any cytoplasm was demonstrated around 
them. Blood vessels were scanty, simple or immature in structure, and 
some of them expanded into telangiectatic-like vessels. Microcystic 
degeneration was seen in the reticular areas (fig. 6). 

Two of the tumors were successfully transplanted. One of them 
occurring in a mouse killed when 12 months old, 8 months after injection, 
retained the characteristics of a Schwannian growth for three generations 
(fig. 9). The other, even in the first generation, lost the diagnostic fea- 
tures of a Schwannian growth, and resembled the unclassified sarcoma. 


UNCLASSIFIED SARCOMAS 


It was impossible to define the histogenesis of 47 of the tumors. 
Twenty-one of them showed too pronounced post-mortem change. This 
group includes two tumors of special interest and not showing port-mortem 
change. The first tumor was in a male mouse of the C57BL strain. The 
animal had received one injection of 0.01 cc. of a dispersion of methyl- 
cholanthrene in horse serum containing 20 mg. of the hydrocarbon per 
cubic centimeter. The animal was killed because of a palpable mass in 
the abdomen seven months after the injection.*,On opening the stomach, 
a firm gray nodule measuring 4 mm. in diameter was found in the pyloric 
region. The central portion of the liver was adherent to the nodule. 

In histologic sections, a polypoid tumor mass composed of sarcoma with 
intermingled atypical glandular elements was found near the junction of 
the pylorus with the duodenum. Other sections showed a sarcoma out- 
side the wall of the stomach and adherent to the liver. The tumor had a 
distinctive pattern (fig. 10). It was formed of two different cell types: 
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foreign-body-like giant cells and spindle-shaped cells that were sometimes 
arranged in bundles. The nuclei of the spindle-shaped cells were mod- 
erately variable in size and shape and mitoses were common. 

The giant cells (fig. 11) scattered throughout the tumor contained from 
three to six or more nuclei. The cell boundaries were not clear and the 
cytoplasm seemed to extend into tail-like projections. Around the giant 
cells, some homogeneous material was found resembling pale-stained 
collagenic fibers. Short reticulum fibers of various thickness were seen 
extending in different directions (fig. 12). Nerve fibrils were not found. 

The spindle-shaped cells composing most of the tumor appeared malig- 
nant and some polymorphism was present in the nuclei of the giant cells. 
The nucleoli and the nuclear membranes were prominent. The giant cells 
were assumed to be giant tumor cells and the possibility of a malignant 
tumor related to osteogenic sarcoma was considered. 

The second tumor of unusual interest was found in a male mouse of 
strain C3H killed (and immediately autopsied) 16% months after a single 
injection of 0.01 cc. of a dispersion of methylcholanthrene in horse serum 
(20 mg./ee.). A large mass was palpated in the epigastrium. The entire 
stomach was distended, and on its lesser curvature and at the base of the 
esophagus posteriorly there was a firm nodule measuring 10 X 3 X 5 
mm. (fig. 13). 

The tumor was composed of spindle cells with elongated or rounded 
hyperchromatic nuclei and scanty cytoplasm. Short intertwining bundles 
of cells and fibers were seen. The chief feature was the presence of 
atypical bone, cartilage and osteoid tissue (fig. 14). Giant cells were not 
observed. Two possibilities were suggested: first, a malignant sarcoma 
(composed of pleomorphic, hyperchromatic spindle cells with atypical, 
imperfect metaplastic bone, cartilage and osteoid tissue), and secondly a 
genuine osteogenic sarcoma. Taking into account the atypical, imperfect 
bone and cartilage tissue present and the fact that these tissues were in 
close connection with the tumor cells and that no evidence of preceding 
inflammation was observed, it is felt that the lesion may be an osteogenic 
sarcoma. 


Mrxep SarcomMas 


As anticipated, tumors of different neoplastic components occurred, 
probably even much more frequently than appreciated by us. The 
diagnosis of such a tumor is difficult. The possible collateral hyperplasia 
of invaded tissues was difficult to assess and to distinguish with certainty 
from true neoplasia. Moreover, pre-existing myoglia was displaced and 
also carried along with the growing sarcoma. In the present study, the 
tumors were therefore classified according to the dominant type of histo- 
logic structure, and the authors were aware that some of these tumors 
may be mixtures of malignant mesenchymal elements. Thirteen tumors 
were found in which both myoglia and fibroglia could be demonstrated in 
abundance. One of these was transplanted and both the first- and second- 
generation transplants were, as far as could be determined, fibrosarcomas. 
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In one of the tumors classified as malignant Schwannoma certain areas 
revealed typical fibrosarcomatous growth, and in two of the rhabdomyo- 
sarcomas an abundance of fibroglia could be demonstrated in some parts 
of the tumor. Whether these cases were true mixed tumors could not 
be judged with certainty. 

DISCUSSION 


In the present study, satisfactory histologic sections were available 
from 156 of 177 gastric sarcomas in mice. Of these sarcomas about one- 
half (81 tumors) were smooth-muscle tumors, and one-fifth (30 tumors), 
connective-tissue tumors; 14 skeletal-muscle tumors were diagnosed and 
5 tumors of nervous-tissue origin. Even though satisfactory histologic 
sections were available, it was impossible to determine the histogenesis 
of 26 of the tumors (5, 6). Twenty-one sarcomas could not be classified 
because of post-mortem change. 

The origin of the majority of the smooth-muscle tumors is probably the 
muscular coats of the glandular stomach, the muscularis mucosae, and 
smooth muscle of the wall of blood vessels (11). 

It would be logical to assume that the tissue of origin of intragastric 
fibrosarcomas is the lamina propria, while that of the intramural fibro- 
sarcomas is the submucosa, and that of the extragastric fibrosarcomas is 
the subserosa. In fact, some small and probably early tumors that were 
seen were completely confined between the muscularis mucosae and the 
glandular epithelium; other tumors, completely outside the outer longi- 
tudinal muscle layer, were found. 

The tissue of origin of the tumors classified as skeletal-muscle tumors 
is less clear. However, it should be pointed out that about 60 percent 
of these tumors were in the region of the esophagus. The muscularis 
externa of the esophagus is composed of striated muscle fibers throughout 
the entire length of the tube to the cardiac opening of the stomach. 
Scattered striated muscle fibers are also seen in the wall of the forestomach 
close to the esophagus, and they may occasionally run all the way down 
to the glandular part of the stomach. The high incidence (8 to 9 percent) 
of skeletal-muscle tumors in the present experiments is, however, difficult 
to explain. The difficulties of the histologic diagnosis of rhabdomyo- 
sarcoma in mice must be borne in mind since cross striations could not 
be demonstrated and so our classification of these tumors may be open 
to question. 

The occurrence of Schwannian tumors is of interest particularly since 
tumors of nervous-tissue origin have so frequently been reported in man 
in recent years (3, 16). The nervous-tissue elements of the stomach are 
composed of fibers of the vagus and sympathetic nerves and the intrinsic 
plexuses of Auerbach and Meissner. It is not known whether Schwann- 
oma of the stomach shows any predilection for one or the other types of 
nervous tissue. The difficulty of distingyishing Schwannian tumors from 
smooth-muscle tumors must, however, be borne in mind. References to 
spontaneous or induced Schwannomas of the stomach of experimental 
animals have not been found in the literature. 
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The frequency of different types of tumor in the present series cor- 
responds roughly to the relative amount of different tissues present at 
the injection site. This might lead to the conclusion that potential 
malignancy is a universal characteristic of cells and that the histogenesis 
of tumors is determined by the fortuitous exposure of various types of 
cell to a carcinogen. This observation is also in agreement with that of 
Dunning, Curtis, and Bullock (4) who found that the induced subcuta- 
neous sarcomas arising from the different tissues that come into contact 
with the carcinogen were distributed at random. 

The differences in the induction time are also of interest. The skeletal- 
muscle tumors were the earliest ones to appear and the smooth-muscle 
tumors appeared in general earlier than connective-tissue tumors. The 
average time between injection and autopsy in these tumor groups was: 
skeletal-muscle tumors, 4.9 months; smooth-muscle tumors, 5.8 months; 
and connective-tissue tumors, 7.4 months. This observation is in con- 
trast to the statement (12) that histologic variation does not exert a 
significant influence upon the latent time and growth rate of the induced 
subcutaneous sarcomas. In the study referred to (12), it was found that 
the subcutaneous sarcomas induced with larger doses of methylcholan- 
threne grew more rapidly, in general, than did tumors induced with smaller 
doses; and also, that prominent muscle elements appeared more frequently 
in tumors elicited with the larger doses. This observation is also in 
agreement with studies of the response of the central nervous system to 
methylcholanthrene (10), where it was found that tumors containing 
skeletal-muscle elements were the earliest to appear. 

No clear-cut difference in the relative frequency of different tumor types 
was noted in the different strains of mice used. Also, the carcinogen and 
solution used seemed to be of no significant importance in determining 
the type of tumor to be induced. It was found, however, that sarcomas 
produced with larger doses of carcinogenic hydrocarbon were more often 
associated with carcinomas of the glandular stomach. In the series 
given a dose of 0.03 to 0.05 cc. of methylcholanthrene in horse serum, 
10 of the 17 tumors were associated with carcinoma; whereas, in the group 
given a dose of only 0.01 to 0.02 cc. of the dispersion, only 6 of 31 tumors 
were associated with carcinoma. This suggests that the glandular 
epithelium of the stomach is more refractory to the carcinogen than the 
mesenchymal elements. 

Finally it might also be pointed out that no lymphosarcomas were 
observed in the present experiment, despite the fact that this neoplasm 
constitutes the most frequently occurring gastric sarcoma in man. 


SUMMARY 


This study consists of a histogenetic classification of 177 induced 
gastric sarcomas in mice. Of these, 21 could not be classified because of 
post-mortem change. The remaining 156 tumors were classified as follows: 
leiomyosarcoma 52 percent, fibrosarcoma 19.3 percent, rhabdomyosar- 
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coma 8.9 percent, malignant Schwannoma 3.4 percent, and unclassified 
tumors 17.4 percent. 

There was no difference in the relative incidence of the different types 
of tumor in the different strains of mice used. The carcinogenic hydro- 
carbon or vehicle employed made no difference. 

When larger doses of the carcinogen were employed there was a cor- 


responding increase in the occurrence of areas of adenocarcinoma in the 
sarcomas. 
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PLATE 69 


Figure 1.—Fibrosarcoma, showing the fine branching fibroglial fibrils. Phospho- 
tungstic acid-hematoxylin. X 1,300 


FicuRE 2.—Leiomyosarcoma, showing short coarse myoglial fibrils. Phosphotungstic 
acid-hematoxylin. X 1,000 
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PLATE 70 


Figure 3.—Rhabdomyosarecoma, cellular polymorphism, and bizarre and straplike 
cells are visible. Hematoxylin and eosin. 610 


Figure 4.—Rhabdomyosareoma: the reeticulum is coarse and surrounds also larger 
cell masses within which no fibrils can be seen. Wilder's silver impregnation for 


reticulum. 260 
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PLATE 71 
Figure 5.—Malignant Schwannoma. The tissue is fibrillar, of Antoni’s type A. 


Hematoxylin and eosin. 
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FIGURE 7. 


ropelike formations resembling Verocay bodies 


Figure 8.— Malignant 


Meissner. Hematoxylin and eosin. X 520 
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PLaTE 72 
7.— Malignant Schwannoma. The cells are arranged in different knotty and 
Hematoxylin and eosin. 260 


Schwannoma. Caricatures of tactile corpuscles of Wagner- 
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PLATE 73 


Figure 9.—Malignant Schwannoma. Structures resembling Verocay bodies in a 
third-generation transplant. Hematoxylin and eosin. 260 


Figure 10.—Uncelassified sarcoma with giant tumor cells, growing below duodenal 
mucosa. Hematoxylin and eosin. X 80 
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PLATE 74 
Figure 11.—Uncelassified sarcoma with giant tumor cells (same tumor as fig. 10). The 
cell limits of the giant cells are not sharply defined and the eytoplasm extends into 


tail-like projections. Masson’s trichrome stain. 500 


Ficgtre 12.—Wilder’s silver impregnation for reticulum of the same sarcoma shown in 
figures 10 and 11. 500 


Figure 13.—Sarcoma with atypical bone tissue. Hematoxylin and eosin. 11 


Figtre 14.—Sarcoma shown in figure 13. The atypical imperfect bone tissue is 
closely associated with tumor cells. Hematoxylin and eosin. 150 
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Liver Catalase Activity in Parabiotic 
Rats With One Partner Tumor- 
Bearing *? 


Baupuin Lucxt, Mary Berwick, and Isoupre 
ZeEcKWER, Department of Pathology, School of Med- 
icine, University of Pennsylvania, Philadelphia, 
Pa. 


A number of investigations have shown that any kind of cancer, if 
sufficiently large, leads to reduction of liver catalase activity. This sys- 
temic effect has been studied in recent years, particularly by Greenstein 
and his associates; their work and that of others has been summarized 
lately (1, 2). 

The mechanism by which a distant cancer affects liver catalase remains 
unknown. Of the several hypotheses proposed, the one that seems to 
have the strongest experimental support suggests that the effect is pro- 
duced by one or more substances elaborated by the cancer cells and 
released into the blood stream (3-6). If humoral transmission of sub- 
stances is at least a cog in the process, then the method of parabiosis should 
prove useful for the study of this phenomenon. The principle involved 
here is that, at the parabiotic junction, capillary anastomoses develop 
through which a small quantity of blood crosses continuously between the 
partners. The small amount transferred becomes diluted with the much 
larger quantity of each animal’s own blood (7). Hence only those sub- 
stances that are present in high concentration, and are not rapidly used 
up or in other ways “‘cleared”’ from the blood, can pass in effective amount 
from one to the other parabiont. On the other hand, substances that are 
present in low concentration, and that have a high turnover or high clear- 
ance rate with respect to rate of anastomotic blood flow, cannot be detected 
across the parabiotic barrier (8). 

This paper deals with the question: Can the substance or substances 
causing reduction of liver catalase activity be transferred from a tumor- 
bearing to a non-tumor-bearing parabiotic partner? 


MATERIAL AND METHODS 


Animals.—Unselected young adult rats of Wistar stock were used. In 
each experiment the animals were of approximately the same age and 


1 Received for publication July 24, 1952. 
2 This investigation has been aided by a grant from the Jane Coffin Childs Memorial Fund for Medical Research. 
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weight. Most of the rats joined in parabiosis were litter mates of the 
same sex; the single rats were either males or females, and usually not 
litter mates. 

Parabiosis was performed by suturing together the skin and abdominal 
muscles, without open communication between the peritoneal cavities, as 
described by Bunster and Meyer (9); their technique was modified by 
leaving the scapulae unsutured. Bits of Walker rat tumor were implanted 
into the groin of one parabiont 6 to 49 days after surgical union of the 
animals. At the same time one or more single rats were inoculated with 
a tumor fragment of similar size. The animals were sacrificed by a blow 
on the head 12 to 18 days after inoculation, i.e., before the tumors had 
attained maximal size. 

In each experiment one or more of the following animals were repre- 
sented: a normal rat, a normal parabiotic pair, a tumor-bearing rat, 
a parabiotic pair one partner of which was tumor-bearing. This series 
consisted of 65 rats. Twenty additional animals were used in less com- 
prehensive experiments. 

Preparation of material, and assay.—Livers were removed immediately 
after the death of the animals. One portion was taken for microscopic 
examination, and the remainder was placed in phosphate buffer of pH 6.8 
at 3° C. Thin slices were cut with a razor; the excess of moisture was 
blotted up with filter paper; and each slice was then weighed. The slices 
were separately homogenized in about 2 ml. of the cold phosphate buffer 
by means of a modified Potter homogenizer. The homogenates were 
diluted with the buffer to approximately 2 mg. of liver per 1 ml. of homog- 
enate. 

Total nitrogen content of the homogenates was determined by a micro- 
Kjeldahl method (10). The concentration of the mixtures was adjusted 
by dilution with phosphate buffer to equal 0.03 mg. N per 1 ml. of homog- 
enate. 

The method of Jolles, as modified by Sumner and Somers (11), was 
used for assay of catalase activity. In the present experiments the sub- 
strate for each sample was 10 ml. of 0.01 N hydrogen peroxide, with 0.0067 
M phosphate buffer as the diluent. The solution was chilled to 0°C. in an 
ice bath, and 1 ml. of homogenate was added to form the digest and immedi- 
ately mixed by rapid swirling. One ml. of this mixture was pipetted into 
a flask containing 5 ml. of 2 N sulfuric acid to stop the reaction. The con- 
centration of hydrogen peroxide in this sample was considered the initial 
concentration. Other 1 ml. samples of the digest were similarly prepared 
at 3, 6 and 9 minutes; to each flask were added 2 ml. of 10 percent potas- 
sium iodide and 1 drop of 1 percent ammonium molybdate, and the con- 
tents mixed. After 3 minutes the free iodine was determined by titration 
with 0.001 N sodium thiosulfate, using a soluble starch indicator near the 
end point. 
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Since catalase activity follows a monomolecular rate, the K, or activity 
constant, was obtained by the equation 


C, 


2.3 
a 2 log C, 


where C, is the initial concentration of peroxide, and C, is the concentra- 
tion at time,¢. In the present assays, K expresses the catalase activity of 
an amount of liver equivalent to 0.03 mg. N. 


RESULTS 


At the termination of the experiments all the parabiotic animals were in 
good condition and showed no evidence of infection or of incompatibility. 
The size of the tumors varied in both single and parabiotic rats. There 
was, however, no consistent or significant difference in tumor size between 
these two groups; nor were any differences observed upon microscopic 
examination. 

The results of the catalase assays in the first series of experiments are 
given in table 1. The values show considerable scattering; this is partic- 
ularly so in the tumor-bearing groups and may be attributed to variation 
in tumor size and in extent of capillary anastomoses. The mean values 
are shown in the bottom line of the table. 
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These experiments are supplemented by assays made on 20 other rats. 
Twelve of these rats were single, 5 of them being tumor-bearing; 8 rats 
were joined in parabiosis, 2 pairs of which had tumor-bearing partners. 
The results in this series were similar to those given in table 1 and need 
not be detailed; instead, the catalase values of the entire series of 85 
rats are combined in table 2 


TABLE 2.—Liver catalase activity in single and parabiotic rats, normal and tumor-bearin, 
(Results of the entire series) 











| 
Ss | Number | Liver catalase activit; 
Status of rats _— (Mean per 0.03 mg. N) 
| 
EN I 55.5 kk re marie wakes 16 814 
Parabiotic rats: | 
I te I no bec cr aranmened cedars | 11 -826 
eg re rere | 11 | -817 
Single rat, with tumor. ... 6.055 cece seccss. | 15 -608 
Parabiotic rats: 
ge re 16 535 











SRN AOR | 16 .660 





Tables 1 and 2 bring out the following: First, parabiosis per se does 
not change liver catalase activity, since the mean values in single normal 
rats and in non-tumor-bearing parabiotic pairs are approximately alike. 
Second, in single rats with tumors, the values are considerably reduced; 
an apparently even greater depression occurs in tumor-bearing para- 
bionts. Third, the liver catalase activity in the non-tumor-bearing part- 
ners is reduced, the mean value in these animals being similar to that of 
single rats bearing a tumor. 


DISCUSSION 


The question proposed in the introduction can now be answered. The 
substance (or substances) causing reduction of liver catalase activity is 
transferred in effective quantity from a tumor-bearing to a non-tumor- 
bearing parabiotic partner. Such transfer can take place only through 
the capillary anastomoses that are formed at the surgical junction of the 
parabiotic pair. Since blood flow through these anastomoses is small in 
comparison to the total blood volume of each of the partners, and since 
the effective substance affects not only the liver catalase activity of the 
tumor-bearing parabiont but also of its non-tumor-bearing partner, it 
seems possible to conclude: a) that the tumor cells elaborate a much 
larger quantity of catalase depressor than is required to affect the tissues 
of the host—in other words, that this substance exists in relatively high 
concentration; or, 6) that the rate of disappearance of this substance 
from the blood stream is relatively slow; with respect to the rate of 
anastomotic blood flow, the catalase depressor has neither a rapid turnover 
nor is it rapidly cleared from the blood by other means. 
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SUMMARY 


The method of parabiosis was used to find out whether the substance 
(or substances) that depress liver catalase activity can be transferred from 
a tumor-bearing rat to its non-tumor-bearing partner. Most experiments 
included a normal rat, a normal parabiotic pair, a rat bearing the Walker 
tumor, and a parabiotic pair of which one partner was tumor-bearing. 
The tumors were implanted from 6 to 49 days after parabiosis was estab- 
lished, and assays were made from 12 to 18 days after inoculation, that 
is to say, at a time when the tumors had not as yet attained maximal 
size. 

It was found that parabiosis per se did not affect liver catalase activity. 
The mean values in these animals corresponded closely to the values in 
normal rats. 

When one partner of a parabiotic pair was tumor-bearing, the liver 
catalase values were depressed in both animals. The values in the tumor- 
bearing hosts fell somewhat lower than in their normal partners. The 
values in the latter approximated the values in single tumor-bearing rats. 

It is concluded that the substance responsible for the depression of liver 
catalase activity in tumor-bearing animals can be transferred across a 
parabiotic union. This indicates that the effective substance either exists 
in relatively high concentration or that it is but slowly cleared from the 
blood. 
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Catheptic Activities of the Nuclei of 
Normal, Regenerating, and Neoplastic 
Tissues of the Rat! 


Mary E. Maver, ANTOINETTE E. Greco, Essa 
Lévrrup,? and Ausert J. Darton, National 
Cancer Institute,? Bethesda, Md. 


Little is known concerning the function of enzymes of the nucleus 
in growth and cell division. Our recent observations (1-3) that purified 
preparations of cathepsin hydrolyzed nucleoprotein and protamines and 
depolymerized desoxyribonucleic acid (DNA) suggested that cathepsins 
might be found in the nucleus associated with these substrates. However, 
studies on the intracellular distribution of cathepsins (4) showed that the 
highest specific catheptic activity was in the mitochondria. There was 
also a considerable percentage of the total catheptic activity of the homo- 
genates in the nuclear fractions, but in the method of preparation used 
(5), the nuclei were contaminated with mitochondria which have catheptic 
activity. 

The study reported here was undertaken to learn whether any catheptic 
activity could be found in nuclei prepared as free as possible of mito- 
chondria, and to determine the catheptic activities of such nuclear frac- 
tions from tissues demonstrating a relatively rapid growth rate. In view 
of the cytochemical and chemical evidence (6-11) relating growth and 
protein synthesis to the nucleic acids, and in view of the higher catheptic 
activities of neoplastic as compared with normal homologous tissues 
(4, 12), the catheptic activities were correlated with the DNA and PNA 
content of the homogenates and nuclear fractions of normal, regenerating 
and neoplastic tissues. Differences in the microscopic appearance of the 
tissues and nuclei were studied and were related to the chemical and 
enzymatic studies where this was possible. 


METHODS 


The nuclei for this study were obtained by adapting and combining 
parts of the procedures described by Wilbur and Anderson (13) and 
Schneider and Petermann (14). Each tissue required a special technique 
appropriate to the structure and stability of its cells and nuclei. Efforts 

1 Received for publication July 29, 1952. 
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were made to use only preparations of nuclei that were practically free of 
mitochondria and that resembled quite closely the nuclei of the fresh 
tissue smears and of the original sucrose homogenates, as viewed with the 
phase-contrast microscope. The concentrations of nuclei were checked 
chemically as well as visually by comparing the DNA: N ratio of the 
original tissue homogenates with that of the final preparations of nuclei. 
The increase in this ratio is, of course, dependent upon the nuclear/ 
cytoplasmic ratio of the cells. 

In general, the procedure involved repeated centrifugation of 20 per- 
cent sucrose homogenates of fresh tissues or nuclear suspensions that 
were layered on larger volumes of 30 percent sucrose. The salt mixture 
used by Wilbur and Anderson (13) was added to the sucrose solution in 
order to maintain a pH near neutrality (6.85-6.95), and to prevent granu- 
lation of the nuclei as much as possible. The addition of calcium (14) 
greatly increased the yield of nuclei and also resulted in an increased 
prominence of the nuclear membrane and of the nucleoli. The high con- 
centrations of sucrose apparently prevented the precipitation of calcium 
salts when the calcium chloride was added in solution with rapid stirring 
immediately before use. The salts were added to the 20 and 30 percent 
sucrose solutions in the following concentrations: 


0.0094 M KH,PO, 
0.0125 M K,HPO, 
0.0015 M NaHCO, 
0.009 M CaCl, 


Throughout the preparation, the homogenates and suspensions of nuclei 
were kept in an ice bath and centrifuged in a PR-1 International Refrig- 
erated Centrifuge. 

Separation of nuclei of hepatic cells of normal rat.— The livers of 2 or 3 
normal Buffalo rats were perfused with 0.85 percent NaCl to remove 
excess blood. Two-gram portions of liver were homogenized in 20 ml. of 
20 percent sucrose/salt solution for 5 minutes, using a glass homogenizer. 
The homogenates were filtered through 4 layers of fine gauze and then 
through 2 layers of double-napped flannel. Since it was found difficult 
to remove all of the whole cells and cytoplasmic particles which have 
about the same specific gravity as the nuclei of liver cells, these homo- 
genates were beaten with a perforated stainless steel blade as described 
by Schneider and Petermann for the preparation of nuclei of the spleen. 
Fifty milliliters of homogenate in a 250 ml. centrifuge bottle were beaten 
for 5 minutes, using a Dumore motor which gave 5,000 r.p.m. when 
running on 60 volts. 

After removing samples for activity and analysis, the remaining homo- 
genate was centrifuged for 5 minutes at 500 r.p.m. to sediment any 
unbroken cells. The supernatant was carefully layered in 15 ml. por- 
tions on 30 ml. of the 30 percent sucrose/salt solution in conical 50 ml. 
centrifuge tubes and centrifuged for 10 minutes at 1,800 rp.m. The 
sediment contained most of the nuclei with some mitochondria and cyto- 
plasmic debris. Usually only a few nuclei could be seen in the middle and 
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supernatant (top) layers. The sedimented nuclei were resuspended in 20 
percent sucrose/salt solution, layered again on 30 ml. of 30 percent 
sucrose/salt solution and centrifuged for 10 minutes at 1,500 r.p.m. After 
three sedimentations and layerings, the nuclei were usually free of mito- 
chondria. If whole cells or cytoplasmic fragments could be seen in the 
suspension of nuclei, it was diluted to 15 ml. and centrifuged for 5 minutes 
at 500 r.p.m. to remove them. The final sediments of nuclei were made 
up to 10 or 15 ml. volume with water or sucrose (fig. 1). 

Preparation of nuclei from regenerating (restored) liver of the rat.—Buffalo 
rats weighing from 120 to 170 gm. were used. The median and left lateral 
lobes (65-70 percent of the liver) were excised according to the method of 
Higgins and Anderson (15). After48 hours (fig. 2), 72 hours (fig. 3), and 5 
days (fig. 4) the restored liver of 5 rats was perfused with saline and homo- 
genized for 2 minutes with 9 volumes of 20 percent sucrose/salt solution. 
The nuclei of the restored livers were quite fragile and could not be sub- 
jected to beating by the steel blade. The cells contained considerable 
amounts of lipide material (16) which made separation of nuclei from 
whole cells difficult. This was particularly marked in the liver 48 hours 
after partial hepatectomy. Attempts to reduce this lipide by giving cho- 
line in the drinking water and by adding Bz and methionine to the chow 
diet postoperatively were not successful. Nuclear preparations contain- 
ing very few mitochondria or whole cells were obtained, using the general 
procedure described above for the separation of nuclei of normal liver, 
with the addition of 2 more layering steps and 2 three-minute centrifuga- 
tions at 500 r.p.m. to remove the remaining whole cells containing lipide. 

Separation of nuclei of liver tumors.—Two transplantable neoplasms 
induced in Irish rats by feeding 2-diacetylaminofluorene (di-AAF) were 
studied. One, designated 3683 (fig. 5), was a hepatoma of liver-cell 
origin. The other, designated 3924C, was an adenocarcinoma, probably 
of bile-duct origin (fig. 6). The latter tumor grew more rapidly in trans- 
plant, and killed the rats in less time than the hepatoma 3683.4 The 
nuclei of the tumor cells were more numerous, larger and much more 
fragile than the nuclei of normal liver cells. The 1:15 sucrose/salt sus- 
pensions were homogenized for 1 minute, filtered through gauze and flan- 
nel, then centrifuged for 5 minutes at 200 r.p.m. The supernatant was 
layered in 15-ml. portions on 30 ml. of 30 percent sucrose/salt solution and 
centrifuged for 10 minutes at 1,000 r.p.m. The sedimented nuclei 
were resuspended in 20 percent sucrose/salt and again layered on 30 per- 
cent sucrose/salt and centrifuged for 10 minutes at 1,000 r.p.m. This 
process was repeated until the nuclei were practically free of mitochondria. 

A hepatoma, designated as hepatoma N, originally induced by Novikoff 
in the Holtzmann stock of Sprague-Dawley rats by feeding p-dimethyl- 
aminoazobenzene (DAB) was also used (fig. 7).6 The cells of this 
tumor varied somewhat in size, but the average size of the cells and nuclei 


4 Dr. H. P. Morris: Personal communication. The pathology of these tumors will be reported elsewhere by 
H. P. Morris and H. I. Firminger. 


5 The pathology and cytology of this hepatoma will be reported later by Dr. A. B. Novikoff: personal commu- 
nication. 
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differed little from that of normal liver cells. However, in contrast to the 
other cell types studied, tabs of cytoplasm remained adherent to most of 
the nuclei when homogenized in 20 percent sucrose. Cytoplasmic tabs 
remained even after freezing and thawing 9 times and then homogenizing 
in a glass homogenizer for 10 minutes. Further, subjection to sonic 
vibration for 5 minutes did not free the nuclei. It was necessary, therefore, 
to depart in this instance from the general procedure used for all the other 
tissues. Reasonably good separation of nuclei was obtained by the fol- 
lowing method. A 1:10 dilution of tumor tissue in water was homogenized 
in a plastic homogenizer. After filtering, the homogenate was beaten 
with the steel blade for 5 minutes at 60 volts (approximately 5,000 r.p.m.). 
It was then layered on 8.5 percent sucrose/salt solution and centrifuged for 
15 minutes at 1,000 r._p.m. The sediment was taken up in water and 
again layered on 8.5 percent sucrose/salt and centrifuged at the same 
speed. After a third sedimentation and layering, the nuclei were practi- 
cally free of mitochondria and there were few cytoplasmic tabs. 

The separation of the nuclei of normal spleen.—The nuclei of the spleen 
were separated by using the procedure described for the nuclei of normal 
liver, with the exception that the filtered homogenates were beaten with 
the steel blade for 10 minutes instead of for 5 minutes. Many of the nuclei 
of the spleen became granular during the preparation. 

Separation of nuclei of the Murphy lymphosarcoma (LSA) of the rat.— 
Tissue from transplants of this tumor in Carworth-Wistar rats was used 
in 1 to 10 suspension in the 20 percent sucrose/salt solution. These sus- 
pensions were homogenized for 2 minutes and filtered through gauze and 
flannel. The filtrate—without treatment with the steel blade—was cen- 
trifuged for 10 minutes at 500 r.p.m. to remove whole cells and cytoplas- 
mic debris. The supernatant was then layered repeatedly as for the liver 
nuclei. The nuclei of the lymphosarcoma cells were of varying size. 
Many of the numerous smaller nuclei appeared granular in the original 
tissue smear, while many, but not all, of the larger nuclei became granular 
during the separation. 

Determination of catheptic activities—The catheptic activities were 
determined by measuring the amounts of tyrosine and soluble nitrogen 
liberated in the hydrolysis of hemoglobin at pH 3.5in 1 hour. One ml. of 
original homogenate or of final suspension of nuclei was added to 5 ml. of 
2.5 percent crystalline horse hemoglobin solution which was adjusted to 
pH 3.5 with acetic acid (17). After incubation at 39° C., the hydrolysis 
was stopped by the addition of 10 ml. of 0.3 M trichloracetic acid. The 
soluble nitrogen and tyrosine present before hydrolysis were determined 
by adding 10 ml. of 0.3 M trichloracetic acid to 5 ml. hemoglobin solution 
and then adding 1 ml. of homogenate or nuclear suspension. Aliquots of 
the trichloracetic acid filtrates were analyzed colorimetrically for tyrosine 
with the Folin-Ciocalteu reagent, and for nitrogen by direct nessleriza- 
tion after microdigestion. 

The DNA and PNA of the homogenates and nuclear suspensions were 
determined colorimetrically by the Dische diphenylamine reaction (18) 
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and the Mejbaum orcinol reaction (19) after extraction of the nucleic 
acids with hot perchloric acid (11). Corrections were made for the DNA 
present which reacts with the orcinol reagent. 


RESULTS AND DISCUSSION 


There has been discussion concerning the possibility of studying the 
activity of water-soluble enzymes of nuclei or particulates that have been 
prepared in water solution (20, 21). We have found that cathepsin prepa- 
rations are readily soluble in water. They also were inactivated from 10 
to 25 percent by lyophilization, and were sensitive to some organic solvents. 
With the use of 8.5, 20, and 30 percent sucrose solutions containing buf- 
fering salts and calcium, the nuclei appeared to be unchanged and they 
were still intact in many cases after standing overnight in the cold. Since 
there was always the possibility of some loss of cathepsin in the sucrose 
solutions, the very low activity that persisted after 3 or 4 layering pro- 
cedures may be significant. ‘The zero values given in some cases together 
with very low values may have been caused by the measurement errors 
inherent in the method of analysis combined with biologic variations of 
the tissues. In no case were there sufficient numbers of contaminating 
mitochondria to account for the activity of the nuclei. 

The term “catheptic activity” is used to designate the specific activity, 
i.e., the result of the determination of catheptic activity per mg. N of the 
homogenates or nuclear preparations. 

The preparations of nuclei of normal liver were readily obtained 
practically free of mitochondria and cytoplasmic debris. The average 
concentration of DNA per mg. N of the nuclear preparations was 6.4 
times greater than that of the original homogenate, whereas the PNA/N 
concentration was about the same as that of the homogenate. Examina- 
tion of the nuclei with the phase-contrast microscope showed them to be 
spherical and somewhat Jarger than similar nuclei seen in intact cells. 
The one or two nucleoli in each nucleus regularly appeared dark and 
granular. Figure 1 shows the suspension of nuclei of liver cells as they 
appeared under the phase-contrast microscope. 

These preparations of the nuclei of normal liver cells showed very little 
catheptic activity (table 1). No liberated tyrosine could be demonstrated 
under the conditions of the hydrolysis, and the increase in soluble N even 
after hydrolysis for 1 hour was very low. It was assumed, therefore, that 
the relatively high percent of the total catheptic activity shown by the 
nuclei of liver cells which were obtained by the Schneider-Hogeboom 


technique (4) was due to contamination with mitochondria and whole 
cells. 
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Definite alteration in morphology (figs. 2, 3,4), in the ratios of PNA to 
DNA, and in the catheptic activity were observed in the hepatic cells of 
regenerating liver at different intervals after partial hepatectomy. Under 
the phase-contrast microscope, the nuclei and nucleoli at 48 and 72 hours 
appeared to be somewhat larger and the nucleoli more diffuse than those 
of normal liver (cf. fig. 1 with figs. 2 and 3). Stained sections of restored 
liver showed greater mitotic activity 48 hours after partial hepatectomy 
than at 72 hours. At 5 days, the mitotic activity fell well below that of 
either of the two earlier periods but was still significantly above that of 
normal liver. Also, the average nuclear size and nuclear-nucleolar ratio 
appeared to approach that of the cells of normal liver (cf. figs. 1 and 4). 

The DNA concentrations of the homogenates of regenerating hepatic 
cells did not vary much from that of the normal liver cells. But there was 
a definite increase in the PNA concentration of regenerating liver which 
increased the PNA/DNA ratio. This increase in the PNA concentration 
in the regenerating liver was in general agreement with the observations 
of Novikoff and Potter (22). It is interesting to note that the maximal 
mitotic activity observed at 48 hours after partial hepatectomy preceded 
the time when the average PNA content of the homogenate was highest. 

The homogenates of regenerating liver showed a definite increase in 
catheptic activity over that of normal liver homogenates (table 1). The 
nuclear preparations from the regenerating liver liberated a significant 
amount of soluble nitrogen per mg. N, but no corresponding tyrosine 
was found. This increase in catheptic activity was most marked in the 
regenerating liver 72 hours after partial hepatectomy. Two of the three 
preparations of nuclei from 5-day regenerating liver liberated some soluble 
nitrogen. This variation in activity may have been caused by differences 
in the rate of regeneration. 

The reason for the absence of tyrosine or of other tyrosine color-pro- 
ducing amino acids among the hydrolysis products, which showed an 
appreciable increase in soluble N, isnot known. Negative tyrosine values 
were also obtained with the nuclear hydrolysates from the hepatoma N 
and the lymphosarcoma. Further study will be required to determine 
whether or not some nuclear preparations liberate tyrosine and then 
render it inactive to the phenol reagent, or whether some as yet unknown 
factors are operating. 

In a comparison of the liver tumors induced by di-AAF with the liver 
tumor induced by DAB, interesting morphologic differences were noted. 
Examination of stained sections and fresh material with phase-contrast 
revealed that each tumor had a characteristic nuclear size and nucleolar 
pattern. The majority of the nuclei in the adenocarcinoma 3924C were 
larger than those of normal liver cells and they contained numerous 
nucleoli of variable size (fig. 6). Hepatoma 3683 cells contained nuclei 
that were also greater in average size than those of normal liver cells. 


* Mitotic counts were made on 100 high-power fields of representative sections from the livers of 5 rats at each 
of these intervals. Averages per high-power field were as follows: Controls, 0.04; 48 hours, 3.8; 72 hours, 2.3; and 
5 days, 0.8. 
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These nuclei usually contained one very large nucleolus (fig. 5). The 
nuclei of the cells of hepatoma N showed a greater variation in size than 
those of normal liver cells, but the average size appeared to be very 
nearly the same. The majority of the nuclei of the hepatoma N cells 
had a single medium-sized or large nucleolus. Thus, on microscopic 
examination, the nuclear size and nucleolar pattern of the two di-AAF 
tumors were more similar to each other than they were to those of the 
normal liver cells, while the average nuclear size and the nucleolar pattern 
of the DAB hepatoma N cells were more like those of normal liver cells. 

The homogenates of the three liver tumors all showed more catheptic 
activity than the homogenates of normal liver. The nuclei of hepatoma 
3683 and of the adenocarcinoma 3924C, both transplants of liver tumors 
induced with di-AAF, had considerable catheptic activity (table 1). 
The products of their hydrolysis had consistently high tyrosine as well as 
soluble N values. In contrast, no tyrosine was found in the hydrolysate 
of the nuclei of the DAB hepatoma N. 

The homogenates of both of the di-AAF tumors had about a fourfold 
increase in DNA over that of normal liver, while the homogenate of the 
DAB hepatoma N had an average DNA concentration within the range 
of normal and regenerating liver. This difference in DNA concentration 
was apparently related to the difference in size of the nuclei of the tumors 
(fig. 5,6, and 7). The relatively low concentration of DNA in the homo- 
genates and nuclei of the DAB hepatoma was associated with a very high 
concentration of PNA. 

The results indicated that the two carcinogens—2-diacetylaminofluorene 
and dimethylaminoazobenzene (butter yellow)—induced hepatic-cell neo- 
plasms with distinctly different morphologic and biochemical characteris- 
tics as revealed by their different catheptic activity and PNA/DNA ratio. 

The homogenates of the lymphosarcoma and spleen had much higher 
catheptic activity than any of the homogenates of the other tissues related 
to liver studied. The high catheptic activity of the homogenates of the 
lymphosarcoma was associated with a high concentration of PNA which 
was comparable to that of the liver tumor, the hepatoma N. The nuclear 
preparations from the lymphosarcoma had almost negligible catheptic 
activity, with no tyrosine and very low soluble N values in the hydrolysates. 

The spleen of the rat which, like the liver, represented a nongrowing 
normal tissue, had high catheptic activity both in the homogenates and 
in the nuclei. The high activity of the homogenates was associated with 
a relatively low PNA content. The hydrolysates of the nuclear prepara- 
tions from spleen contained tyrosine as well as considerable amounts of 
soluble N. 

Although an accumulation of cytochemical evidence indicates a rela- 
tionship between the PNA and the growth and protein synthesis of 
tissue, no explanation of the mechanism involved is available. There is 
no unequivocal evidence that cathepsin catalyzes the synthesis of proteins 
(23). However, the correlation of increased catheptic activity with in- 
creased concentration of PNA in the homogenates of regenerating and 
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neoplastic liver suggest that cathepsin may be a factor in the growth of 
these tissues. Since the nuclear membrane disappears during prophase, 
studies on isolated nuclei can relate only to latent factors present up to 
this mitotic phase. In view of this, it is interesting to note that the in- 
creased catheptic activity of the nuclei of some of the more rapidly growing 
tissues, such as the 48-hour and 72-hour regenerating liver and the di-AAF 
tumors, could be correlated with certain morphologic alterations. On the 
other hand, the nuclei of the DAB-tumor cells showed marked similarity 
to those of normal hepatic cells, although they possessed a much higher 
catheptic activity as shown by the increase in soluble N, and a high 
PNA/DNA ratio. 

With the aid of the procedures described for the separation of nuclei, 
it is hoped that further studies will reveal additional evidence of the role 
of nuclear enzymes. 

SUMMARY 


1) Methods are described for the separation of nuclei in sucrose/salt 
solution from normal, regenerating, and neoplastic liver of the rat, and 
from the Murphy lymphosarcoma and spleen of the rat. The hepatic neo- 
plasms used were: transplants of a hepatoma, and of an adenocarcinoma 
(probably of bile-duct origin) originally induced by feeding 2-diacetyl- 
aminofluorene (di-AAF), and transplants of a hepatoma induced by feeding 
p-dimethylaminoazobenzene (DAB). The catheptic activity and the 
desoxyribonucleic acid and pentose nucleic acid concentrations of the 
homogenates and nuclear preparations of these tissues were determined. 

2) The homogenates of the regenerating liver and of hepatic neoplasms 
had higher specific catheptic activities than those of normal liver, and this 
was associated with increased PNA concentration. 

3) The nuclei of the regenerating liver cells showed definite meghaduale 
changes and their catheptic activities were higher than those of normal 
liver nuclei. The nuclei of neoplasms induced by 2-diacetylaminofluorene 
showed marked morphologic changes from the normal liver nuclei, and 
there was a considerable increase in catheptic activity. The nuclei of the 
DAB-induced hepatoma were only slightly different from the nuclei of 
normal liver. They also hydrolyzed hemoglobin to give an increase in 
soluble N, but no tyrosine was found in the products of hydrolysis. 

4) The homogenates of the lymphosarcoma and spleen had much higher 
catheptic activity than any of the homogenates of the tissues related to 
liver, but only the nuclei of spleen showed consistently high catheptic 
activity. 
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Figure 1.—Nuclei of normal liver of the rat, separated in a sucrose/salt solution. 
Phase-contrast. X 1,400 

















JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 13 PLATE 75 





Maver et al. 699 


222089— 352 16 








700 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 76 


Figure 2.—Nuclei of regenerating liver of the rat 48 hours after partial hepatectomy, 
separated in a sucrose/salt solution. Phase-contrast. » 1,400 


FIGURE 3.—Nuclei of regenerating liver of the rat 72 hours after partial hepatectomy, 


separated in a sucrose/salt solution. Phase-contrast. 1,400 


FiguRE 4.—Nuclei of regenerating liver of the rat 5 days after partial hepatectomy, 


separated in a sucrose/salt solution. Phase-contrast. % 1,400 
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Ficgt RE 5.—Nuclei of transplants of hepatoma 3683 of the rat originally induced by 
feeding 2-diacetylaminofluorene. Nuclei were separated in sucrose/salt solution. 
Phase-contrast. ™ 1,400 


Fic rE 6.—Nuclei of transplants of adenocarcinoma 3924C of the liver of the rat, 
probably of bile-duct origin, induced originally by feeding 2-diacet ylaminofluorene. 
Nuclei were separated in sucrose/salt solution. Phase-contrast. X 1,400 


Fict re 7.—Nuclei of transplants of hepatoma N, originally induced by feeding rats 
p-dimethylaminoazobenzene (cf. footnote 4). Nuclei were separated in water 
followed by sucrose/salt solution. Phase-contrast. 1,400 
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Induction of Pulmonary Tumors in 
Guinea Pigs by Intravenous Injection 
of Methylcholanthrene and Dibenz- 
anthracene ! 


W. E. Heston and Marcaret K. DeErincsEr,’ 
National Cancer Institute? Bethesda, Md. 


Most tumors heretofore reported as induced in guinea pigs with the 
carcinogenic hydrocarbons have been sarcomas. The hydrocarbons have 
usually been injected subcutaneously and the tumors have arisen at the 
site of injection. Shimkin and Mider (1) reported fibrosarcomas and 
liposarcomas occurring in inbred guinea pigs‘ of strain 2 and strain 13 
injected subcutaneously with methylcholanthrene. Subsequently in this 
laboratory, of 5 males of strain 13 injected subcutaneously with 20 mg. 
of 20-methylcholanthrene in sesame oil, 2 developed fibrosarcomas at the 
site of injection; and of 6 males of strain 2 injected in the same way, 1 
developed a fibrosarcoma, 1 a fibro-myxoliposarcoma, and 3 liposarcomas 
at the site of the injection. One of these liposarcomas (D4888) has 
been transplanted over 100 generations with 100 percent takes in strain 2. 
Russell and Ortega (2) have reported fibrosarcomas, osteosarcomas, and 
liposarcomas in stock guinea pigs injected in the same manner with 
methylcholanthrene. Haagensen and Krehbiel (3) induced subcutaneous 
liposarcomas and fibrosarcomas in stock guinea pigs with 3,4-benzpyrene 
dissolved in lard, and Shear (4) reported subcutaneous tumors in guinea 
pigs after subcutaneous injection of 5 mg. of crystalline 3,4-benzpyrene. 
Warren and Gates (5) reported similar tumors induced with the same 
hydrocarbon. Schabad (6) reported a fibrosarcoma and a liposarcoma 
induced with 1,2,5,6-dibenzanthracene. 

Berenblum (7) applied 9,10-dimethyl-1,2-benzanthracene to the skin of 
guinea pigs and obtained four tumors: a papilloma, a melanoma, a 
squamous-cell carcinoma, and a spindle-cell sarcoma. Steiner (8) im- 
planted cholesterol pellets containing methylcholanthrene in the salivary 
glands of guinea pigs and obtained 3 squamous-cell carcinomas and 1 
spindle-cell sarcoma. None of these authors reported the induction of 
pulmonary tumors. 

1 Received for publication July 29, 1952. 

2 With the technical assistance of W. D. Levillain. 

3 National Institutes of Health, Public Health Service, Federal Security Agency. 

4 After consultation with Dr. George Jay who is now maintaining these strains, it has been decided to designate 


these inbred guinea pigs as strains, instead of families as previous authors have done, to be consistent with our use 
of the term in respect to inbred strains of mice and rats. 
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In view of the ease with which pulmonary tumors can be induced in 
many strains of mice with the carcinogenic hydrocarbons, particularly 
when injected intravenously, it seemed probable that by injecting the 
hydrocarbons intravenously, pulmonary tumors could also be induced in 
the guinea pig. The purpose of this paper is to report the induction of 
pulmonary tumors in guinea pigs by intravenous injection of dibenzan- 
thracene and methylcholanthrene. Other tumors occurring in the injected 
animals and in controls are listed. 


PROCEDURE 


The animals used were of the inbred strains 2 and 13. These are the 
two strains remaining of those developed by the Bureau of Animal 
Industry of the United States Department of Agriculture, with which 
Wright (9, 10) did his basic studies on inbreeding. In Wright’s work the 
strains were referred to as “families” 2 and 13. Inbreeding of the strains 
was started by brother X sister matings in 1906 at the Experiment 
Station of the Bureau at Bethesda, Maryland, and was continued up to 
and after the colonies were moved to the station at Beltsville, Maryland 
in 1911, until a few years prior to 1940 when not all matings were brother 
X sister although the strains were not outcrossed. Brother xX sister 
inbreeding has been maintained since the National Cancer Institute 
received the strains in 1940 from Dr. Orson N. Eaton at the Beltsville 
Experiment Station. With this breeding record, a high degree of genetic 
homogeneity can be assumed in both strains. 

A total of 51 guinea pigs of strain 2, of both sexes, and 60 of strain 13 
also of both sexes were injected. For the most part, 20-methylcholan- 
threne was used, although a few of the animals injected during the early 
part of the study received 1,2,5,6-dibenzanthracene. The dibenzan- 
thracene, and also the methylcholanthrene for a few of the early injections, 
were dispersed in horse serum. For all other injections the methylcholan- 
threne was dispersed in water.’ 

In the beginning, injections were made through the cephalic vein. 
For later injections the accessory saphenous, vein was used. In the 
guinea pig this vein extends along the posterior surface of the thigh 
muscles and is readily accessible. The veins were always exposed by 
slitting the skin before the injection was made. Slight pressure on the 
vein above the point of insertion dilated it and facilitated the insertion of 
the needle. A 1 cc. tuberculin syringe with a 27-gauge, % inch, short 
bevel needle was used. The amount injected is indicated for each animal 
in table 1, together with the age at which the animals were injected. 

The animals were housed in metal cages with four animals to each cage 
in an air-conditioned room at 78° F. They were fed Purina rabbit chow 
supplemented with cabbage or some other green vegetable to supply the 
necessary vitamin C and water. The animals were kept until they died 
or were found to be moribund. An autopsy was then performed on each 


§ The authors are indebted to Dr. Egon Lorenz for the preparation of these dispersions. 
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animal and microscopic sections of all tumors were prepared for final 
diagnosis. The tissues were fixed in Fekete’s modification of Tellyesnicz- 
ky’s fluid (70 percent ethyl alcohol, 20 parts; formalin, 2 parts; glacial 
acetic acid, 1 part), embedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. 

Untreated animals of the breeding colony have provided information 
on the occurrence of spontaneous tumors in these two strains. 


DISCUSSION OF RESULTS 


Tumors and other lesions found in the injected animals are listed in 
table 1.° 

Pulmonary tumors occurred more frequently than any other type of 
tumor. Of the 51 animals of strain 2 that were injected, 17 had pul- 
monary tumors ranging from a single tumor to as high as 27 in one animal. 
Of the 60 animals of strain 13 injected, 15 had pulmonary tumors ranging 
up to 16 in one individual. These were small tumors very similar in 
appearance to the spontaneous and induced pulmonary tumors occurring 
in the mouse, and presumably, like those of the mouse, derived from 
alveolar epithelium and not from bronchial epithelium (11) (figs. 1-4). 
As in our experience with mice, some of the small lesions of the lung that 
were sectioned proved to be lymphocytic nests rather than tumors. In 
the lungs of a nutmber of the animals of both strains small areas of calci- 
fication and formation of bone were found. Some of these occurred in 
the pulmonary tumors. Other conditions of the lungs included pneu- 
monia, both acute and chronic, a granuloma, and a lesion classified as 
postpneumonic bronchial proliferation similar to a lesion described by 
Norris (12). 

As is also indicated in table 1, sarcomas appeared in a number of ani- 
mals of both strains at the site of injection. Their occurrence suggested 
that although care was taken to get all the carcinogen into the vein, in 
some animals enough went into the tissues at the site of injection to 
induce local tumors. One of these sarcomas contained some bone. 

Leukemia occurred in two injected guinea pigs of strain 2 and in one 
animal of strain 13. A second animal of strain 13 had a neoplasm of the 
blood-forming organs tentatively classified as a reticulum-cell sarcoma. 

In four injected animals of strain 13, carcinomas occurred in the 
region of the liver, stomach, and pancreas. These were rather extensive 
and two had metastasized to the lung. One had originated in the gall 
bladder, but the origin of the other three could not be determined. 

In contrast to the relative frequency of tumors in the injected animals, 
spontaneous tumors have been observed infrequently in untreated guinea 
pigs. In the breeding animals that served as controls, however, a few 
neoplasms were found. Of 17 male and 39 female breeding animals of 
strain 2 that were autopsied at from 12 to 48 months of age, only one 
animal had a tumor. It was the oldest animal, a male 48 months of age, 


* The authors gratefully acknowledge the assistance of Dr. Thelma Dunn, Pathologist, who examined the 
histologic sections and concurred in the diagnosis of this material. 
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and it had a primary pulmonary tumor morphologically identical with 
those occurring in the injected animals (figs. 3 and 4). In the 9 male 
and 41 female breeding animals of strain 13 that were autopsied at from 
13 to 37 months of age, 4 had neoplasms. One male had an intraperi- 
toneal fibrosarcoma at 16 months, another male 16 months of age had 
an adenocarcinoma of undetermined origin in an area adjacent to the 
liver, stomach and pancreas, and similar to the carcinomas of this site 
observed in the injected animals. One female 28 months of age had an 
anaplastic tumor of the urinary bladder, and another female 34 months 
of age had a tumor of undetermined origin classified as an adenocarcinoma 
with fibrous stroma in the ventral neck region. This is not an insignif- 
icant number of tumors considering that none of these animals were of 
an extreme age for this species. The fact that as a rule not many tumors 
are observed in this species may well be because guinea pigs are not 
often kept to extreme age. 

Comparing the occurrence of pulmonary tumors in the injected animals 
with that in the breeding controls, it is evident that the intravenous 
injection of the carcinogens increased the incidence of pulmonary tumors 
and the number of tumor nodules per animal. In irradiation studies with 
Lorenz et al. (13), of 22 genetically heterogeneous guinea pigs used as 
controls, 14 percent had pulmonary tumors, but no animal had more than 
a single nodule. In chronically irradiated animals the incidence was 
somewhat higher and the number of tumors per animal ranged up to 8. 
In the injected animals of the present study the number of tumors per 
animal ranged up to 27. 

Aside from the pulmonary tumors, the sarcomas that arose at the site 
of the injection were also obviously induced, but none of the other tumors 
were found with sufficient frequency to indicate that they were the result 
of the injection of the carcinogen. There were two injected animals of 
strain 2 with leukemia and one injected animal of strain 13 with leukemia 
and another with what was’ probably a reticulum-cell sarcoma, whereas 
no tumor of the blood-forming organs was observed in the breeding 
controls. However, it has been known for a long time that leukemia occurs 
spontaneously in guinea pigs. Miguez (14) observed and successfully 
transplanted leukemia in the guinea pig in 1918, and Snijders (15) also 
reported transplantation of leukemia in the guinea pig in 1926. Further- 
more, the radiation studies have shown that leukemia occasionally occurs 
in untreated animals of these two strains and in animals receiving chronic 
irradiation of extremely low dosage. Thus, the three cases of leukemia 
and the other neoplasm of that group observed in the injected animals can 
not be considered as induced. 

In both strains a higher proportion of the females than of the males 
had pulmonary tumors. Eleven of the 21 females of strain 2 had tumors, 
compared with 6 of the 30 males; and 9 of the 29 females of strain 13 had 
tumors, compared with 6 of the 31 males. By combining the data of the 
two strains the sex difference can be shown to be highly significant; 
x’=5.53, P is between 1 and 2 percent. In this grouping, however, a 
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number of variables including age and variation in dosage are not taken 
into consideration, but when the data are broken down and only those 
that received 30 mg. MCA are included, a higher proportion of females 
with tumors persists. In these groups, however, the numbers are not 
great enough for the difference to be statistically significant. The average 
number of tumors in the lungs of the females of strain 2 with pulmonary 
tumors was 7.54 as compared with only 1.83 in the males, and in strain 13, 
the average number in the females was 5 as compared with 2.83 in the 
males. With the data combined, the difference is highly significant; 
t=2.82, P<.01. Thus, it appears that the females were somewhat more 
susceptible to the induction of pulmonary tumors than were the males. 

There was no evidence of any strain difference in respect to the occur- 
rence of the pulmonary tumors, the sarcomas at the site of injection, nor 
the less frequently occurring tumors. Shimkin and Mider (1) reported 
no difference in these strains in respect to incidence of induced sub- 
cutaneous fibrosarcomas and liposarcomas. 


SUMMARY 


Of 51 guinea pigs of strain 2 and 60 of strain 13 injected intravenously 
with either 20-methylcholanthrene or 1,2,5,6-dibenzanthracene, pul- 
monary tumors occurred in 17 and 15 animals respectively. The number 
of tumor nodules occurring in the lungs ranged from 1 to 16 in the animals 
of strain 13 and as high as 27 in the animals of strain 2. One pulmonary 
tumor was observed in a noninjected breeding male of strain 2. Histo- 
logically, the induced tumors were similar to the spontaneous tumor and 
both were similar to the spontaneous and induced pulmonary tumors of 
the mouse. 

Other tumors occurring in the injected animals and the breeding 
controls are listed. Except for sarcomas occurring at the site of injection 
none of these other tumors occurred with sufficiently high frequency to 
be considered as induced. 

A sex difference in suceptibility to induced pulmonary tumors was 
indicated, the females having a higher incidence with more tumors per 
individual than the males had. 

No difference between strain 2 and strain 13 was noted in respect to 
the occurrence of the pulmonary tumors or the other tumors observed. 
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Ficure 1.—Induced pulmonary tumor in the guinea pig. Strain 13 o& No. 325 injected 
intravenously with MCA, age 48 months. Hematoxylin and eosin. X 95 


Figure 2.—Same as in figure 1. X 310 
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Ficure 3. 
control breeder, age 


Spontaneous pulmonary tumor in the guinea pig. 


#8 months. Hematoxylin and eosin. 


<x 310 


Ficure 4.—Same as figure 3. 
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Enhancement and Inhibition of the 
Growth of Tumor Homoiotransplants 
by Pretreatment of the Hosts With 
Various Preparations of Normal and 
Tumor Tissue »* * 


Greorce D. Sneut, Sc.D., Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine 


Previous studies (1-4) have shown that pretreatment of mice with 
lyophilized tumor or normal tissue can alter the growth of subsequently 
inoculated tumor homoiotransplants. Thus if mice of strain C57BR/a 
are injected intraperitoneally with lyophilized 15091a (strain A origin) 
or lyophilized strain A kidney, and subsequently inoculated by trocar 
with living 1509la, many of them are killed by progressively growing 
tumor, whereas untreated controls, with rare exceptions, survive. On the 
other hand, injection of C57L mice with lyophilized C1498 (myeloid 
leukemia, C57BL origin) inhibits the growth of C1498 transplants made 
a week or two later. 

This report is concerned with a study of the distribution of the active 
substance or substances in tissue fractions obtained by differential centrif- 
ugation or filtration, and their resistance to heating and chemical treat- 
ment. Most of the experiments were carried out in 1946 and 1947 prior 
to the Bar Harbor fire. Fortunately all but one small group of records 
were saved. A few additional experiments were carried out subsequent 
to the interruption of work occasioned by the fire. A preliminary account 
of the results has already been published (6). 


MATERIALS AND METHODS 


The strains of mice used were A, BALB/c, C57BL/6, C57BL/10, 
C57BR/a, C57BR/cd, and C57L. The tumors used were anaplastic 
carcinoma 15091a (strain A origin), SA1 (strain A origin), and myeloid 
leukemia C1498 (strain C57BL origin). A few experiments were also 
carried out with mammary carcinoma E0771 (C57BL origin), but since 

1 Received for publication July 31, 1952. 

? This investigation has been assisted by a grant from the National Cancer Institute and by a Grant-in-aid 
from the American Cancer Society upon recommendation of the Committee on Growth of the National Research 
Council. 


3 The author gratefully acknowledges the technical assistance of Mrs. Sally L. Allen, Miss Diane Kelton, and 
Miss Priscilla Smith. 
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they added nothing not shown through the use of other tumors they are 
not included in this report. 

The method of preparing lyophilized tissue has been described previ- 
ously (3). 

The method of fractioning tissues by differential centrifugation was 
essentially that of Claude (6, 7). However, as the work progressed it was 
found that for our purposes the procedure could be simplified in certain 
respects without detriment to the results. For most of the later experi- 
ments the method was as follows: 

Tumors were dissected while still rather small, before there was obvious 
necrosis—usually about 10 days after inoculation. The tissue was placed 
in chilled, isotonic, buffered saline (pH 7.3) and rinsed several times to 
remove blood. After draining, the tissue was run through a chilled 
tissue press, weighed, and homogenized in a glass homogenizer with the 
gradual addition of 5 cc. of buffered saline to each gram of tissue. The 
steps indicated in the “Chart of Fractionation Procedure’ were then 
carried out in an International Refrigerated Centrifuge. 

(In the chart and throughout this paper, the abbreviation “LLG” stands 
for large granules, ‘““M’’ means microsomes, “lyd.’’ means lyophilized 
and “sed.’’ means sediment.) 


Chart of Fractionation Procedure 
Tissue homogenate 
in buffered saline 
+ Spun 8 min., 650 g 


Supernatant 
Spun 10 min., 14,000 g 


Supernatant 
Spun 1% hrs., 
27,000 g. 
M + 1% hr. supernatant 
Resuspended, 
spun 1 hr., 27,000 g 
M + supernatant wash 
VY Lyophilized 
M lyd. 


low-speed sediment 
V = Lyophilized 
Low-speed sed. lyd. 


LG 

Resuspended, 

spun 5 min., 14,000 g 
LG + supernatant wash 

Resuspended, 

spun 5 min., 14,000 g 
LG + supernatant wash 
VY Lyophilized 
LG lyd. 


Tissue, tissue suspensions, or fractions were maintained close to 0 to 10° 
C. at all stages by keeping either in the refrigerated centrifuge or in an 
alcohol-water-ice bath. 

The enhancing or inhibiting activities of the following tissue prepara- 
tions were tested. 

Unfractioned lyd.—This was prepared by taking a portion of the “tissue 
homogenate in buffered saline” (see Chart of Fractionation Procedure), 
and running it through the various steps shown in the chart, but with re- 
suspension of sediment in the supernatant after each run. After the final 
centrifugation, however, the two were separated and the sediment lyo- 
philized and the supernatant stored by freezing. The two were recom- 
bined prior to injection. The “unfractioned lyd.” served as a control for 
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possible inactivation by any of the steps in the fractionation procedure. 

Low-speed sed. lyd.—Prepared as per chart. Sometimes, however, 
only part of the buffered saline was added for the first run, the first sedi- 
ment being resuspended in the remainder for a second low-speed run. 
Stained preparations showed nuclei and more or less damaged cells, usually 
in clumps. 

LG lyd—Prepared as per chart. Stained preparations showed 
abundant “large granules” or mitochondria, few or no whole cells or nuclei. 

M lyd.—Microsome or small granule fraction prepared as per chart. 

1%-hr. (or 1-hr.) supernatant, frozen.—Prepared as per chart, and stored 
in a dry-ice chest until used. The dose is based on a determination of 
dry weight, corrected for salt content of the medium. Some inconsistencies 
were found in these determinations; the figures should be regarded as 
approximations only. 

LG in sucrose-—Perfused liver fractioned in 0.88 M sucrose by the 
method of Hogeboom et al. (8), slightly modified. After the final wash, 
the LG fraction (mitochondria) was resuspended in 0.88 M sucrose and 
injected at once. 

Lyd. C1498 washed sediment.—Lyophilized C1498 was suspended in 
isotonic saline and centrifuged 5 min. at 1,000 X g. The sediment was 
resuspended and the process repeated for a total of 8 centrifugations. The 
last few centrifugations were for 3 min. at 500 X g. The final sediment 
was resuspended in saline, warmed to body temperature, and injected at 
once. 

Lyd. C1498 low-speed supernate.—The first two supernates from the 
“lyd. C1498 washed sediment” were pooled, run for 1 hr. at 1,300 X g, 
the sediment discarded, and the supernatant warmed and injected. 

Iyd. C1498 unfractioned—Lyophilized C1498 suspension was run 
through 8 centrifugations, with the sediment being resuspended in the 
supernatant aftereachrun. After the final resuspension, the preparation 
was warmed and injected at once. 

Heating in every case was for % hour in a water bath with the tissue or 
fraction in saline suspension. 

Extractions of lyophilized 15091a with ether, 95% alcohol, and dioxan 
were carried out with chilled reagents, with grinding in a mortar, and then 
agitation of the suspension for 20-30 minutes. The suspension was 
centrifuged and the sediment dried and stored until used. 

All injections were intraperitoneal. All mice were inoculated with 
fresh tumor subcutaneously by trocar (one exception noted in footnote to 
table 1), in the right axilla, 8 to 15 (usually 10) days after the last injection 
(except experiment 132, in which the mice were inoculated 28 days after 
the last injection). In all the experiments included in this report in which 
tumor fractions were used for pretreatment, it was the same tumor as 
used for final inoculation, and all normal tissue came from the same donor 
strains as the tumor. There were no cross tests. 
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Inoculated mice were checked twice weekly, though sometimes less 
frequently after most of the mice in a group had died, and the outline of 
each tumor sketched on paper ruled in half-inch squares. 

The results, where the effect of pretreatment was enhancement, are 
expressed as a fraction, of which the numerator is the number of mice 
dying from the tumor, and the denominator the total number of mice. 
Where the effect of pretreatment was inhibition, the results are given in 
terms of the ‘maximum mean tumor size.” This quantity has been defined 
in an earlier publication (2). Briefly, it is the average area in square cm. 
of the drawings of the tumors taken on the day when the average reached 
a maximum, prior to tumor regression. At the time experiment 75 was 
performed, C1498 had increased in virulence and was killing over 50 
percent of untreated C57L hosts. For this experiment, therefore, the 
fraction dying is given in table 2 as well as the maximum mean tumor size. 
Still later C1498 killed all C57L hosts, whether treated or untreated. 

In certain cases the same experiment involved both fractioning of 
tissues and tests of inactivation by heating. Such experiments may be 
included in more than one table, with resulting duplicate entries for con- 
trol mice and a few test groups of mice. These cases can be recognized 
by reference to experiment numbers. 


RESULTS 


Tables 1 and 2 summarize data on enhancement of 15091a and SA1 and 
inhibition of C1498 by pretreatment of hosts with fractions of these 
tumors or of normal tissues. It will be seen that all four fractions tested 
(low-speed sediment, LG or mitochondria, M or microsomes, and final 
supernatant) contain active substance. Except for a suggestion that the 
final supernatant, particularly C1498 final supernatant, is less active 
than the other fractions, there is no evidence for any unequal distribution 
of active substance. Lyophilized C1498 washed sediment (table 4, ex- 
periment 61) produced particularly complete inhibition, but without 
repetition of this experiment with varying dosage levels, the significance 
of this observation is doubtful. Some of the active substance in C1498 
passed through a Seitz filter (table 4, experiment 66). This experiment 
was repeated and confirmed. A Seitz filtrate of fresh 15091a was also 
active in producing enhancement. This observation differs from results 
obtained by Casey et al. (9) with the Brown-Pearce rabbit tumor “XYZ” 
substance prepared from fresh tumor, though it is possible that the dif- 
ference here is principally one of dosage level. In confirmation of Casey’s 
results, we were unable to pass the active material of either C1498 or 
15091a through a porcelain (Selas) filter. Also Seitz filtration of previ- 
ously lyophilized C1498 yielded an inactive or less active preparation 
than the fresh filtered tumor. 
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Results of experiments with inactivation of lyophilized 15091a and 
lyophilized C1498 and of fractions of these tumors by heating are sum- 
marized in tables 3 and 4. In the case of whole lyophilized tissue there 
is no evidence of lability beginning at any one particular temperature. 
While the results are not completely consistent, in part perhaps because 
of the diversity of host strains used, the general impression is one of in- 
creasing inactivation as the temperature rises, with some activity per- 
sisting after heating to 100° C. On the other hand some of the various 
fractions seemed to be less thermostable. The active material in ‘15091la 
1-hour supernatant” withstood heating at 56° C., but the microsome (M) 
fraction was inactivated at this temperature (table 3, experiments 74 and 
79; note however that the dosage levels were different). The 1%-hour 
supernatant of C1498 was largely inactivated by heating at 56° and en- 
tirely inactivated by heating at 100° C. Also the Seitz filtrate of fresh 
C1498 was completely inactivated at 100°C. Lyophilized C1498 washed 
sediment showed doubtful activity after heating at 100° C., and lyophilized 
C1498 low-speed supernatant was almost completely inactivated at this 
temperature. The method of preparation would make it likely that this 
last fraction contained microsomes. 

Table 5 shows that the active substance in 15091la was not removed 
or destroyed by extraction with ether, alcohol, or dioxan for % hour. 


TABLE 5.—Effect of extraction with ether, alcohol, or dioxan on the enhancing capacity of 
lyophilized 15091a. All mice inoculated with fresh 15091a by trocar. 








| 
| Experi- No. of : 
Host | ment Treatment injec- | Total dose "~~ 

No. tions ying 
C57BR/a..... 62 Not extracted............. 2 20 mg. 9/10 
Extracted with ether....... 2 24 mg.* 9/10 
Extracted with alcohol... .. 2 24 mg.* 10/10 
Extracted with dioxan..... 2 24 mg.* 6/10 

NS occ coe coc eee eee et 0/8 




















*Dry weight prior to extraction. 
DISCUSSION 


Differential centrifugation does not appear to be a promising method 
for concentrating the substance or substances in tumor tissue which alter 
the growth of tumor homoiotransplants when used for preinjection of the 
hosts. Such differences as were found were in the direction of less ac- 
tivity for the high-speed supernatant, more activity for a low-speed washed 
sediment, but these differences are not conclusively established. Since 
Barnum and Huseby (10) have shown that centrifugation at 23,000 g, 
close to the maximum we used, does not remove all microsome-like ma- 
terial, it is possible that the activity in our final supernatant was due to 
an unsedimented microsome fraction. This, plus the inactivity of fil- 
trates of fresh tumor prepared with Selas or Berkefeld filters, as found both 
in our work and in Casey’s, perhaps points to the association of activity 
with insoluble or particulate material. On the other hand, we were able 

2220895220 
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to pass active substance through a Seitz filter, and Casey (//), in an earlier 
study, found that some of the active fraction of enhancing or “XYZ” 
substance prepared by storing tumor in paraffin in the refrigerator at 
24° to 28° F. for 16 to 90 days would pass through a Berkefeld ““V” candle. 

Our results seem to show that some of our fractions were less thermo- 
stable than the unfractioned lyophilized tissue. Whether this means that 
a thermolabile component was separated out in the fractions, or whether 
the whole tissue has a protective action, is not clear. 

Casey and Moragues-Gonzales (12) found that the enhancing activity 
of an extract of Brown-Pearce tumor was destroyed at 56° C. Their ex- 
tract was prepared from tumor tissue that had been stored at 18° F. for 
10 to 41 days. Possibly this preparation was more comparable to our 
fractions than to our whole lyophilized tissue. 

The enhancing activity of fresh strain A liver LG separated in 0.88 M 
sucrose shows that storage or lyophilization or other killing procedures 
are not necessary in the preparation of enhancing substance. This is in 
accord with observations of Kaliss, Jonas, and Avnet (13) with homo- 
genates and ultrafiltration sediments of fresh tissue, and of Shear et al. (14) 
with supernatant of fresh tumor tissue. 

The reason that injection of the host with tumor preparations prior to 
inoculation produces inhibition of myeloid leukemia C1498, but enhances 
anaplastic carcinoma 15091a, still remains obscure. We would emphasize, 
however, that this phenomenon does not necessarily prove the existence 
of separate inhibiting and enhancing substances. 


SUMMARY 


Attempts were made to concentrate by differential centrifugation the 
substance or substances in strain A anaplastic carcinoma 15091a that 
enhance the growth of homoiotransplants of this tumor when injected 
into the hosts prior to inoculation of living tumor tissue. Similar attempts 
were made to concentrate the material in strain C57BL myeloid leukemia 
C1498 that inhibits homoiotransplants of this tumor. Most of the frac- 
tions were prepared in isotonic saline medium. One preparation from 
strain A liver fractioned in 0.88 M sucrose was tested; also a low-speed 
washed sediment and a supernatant fraction from lyophilized C1498. 

There was no indication of any considerable concentration of active 
substance in any one of the fractions, though supernatant fluid from 
high-speed runs was possibly the least active. 

Unfractioned lyophilized tissue withstood heating at 100° C. with only 
moderate loss of activity. Fractions seemed to be less thermostable. 
Washed 15091a microsomes were inactivated at 56° C. 

Lyophilized 15091a was not inactivated by extraction with ether, 
alcohol, or dioxan for % hour. 
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Damage Induced in Sarcoma 37 with 
Chemical Agents. IV. Derivatives of 
Colchiceinamide ' 


J. Lerrer, J. L. Harrwewi, I. Kurz, M. V. 
NaADKARNI,” and M. J. Suuar, Laboratory of Chemi- 
cal Pharmacology, National Cancer Institute, 
Bethesda, Md. 


In a previous publication (1) it was reported that a number of deriva- 
tives of colchicine vould produce damage in Sarcoma 37. Several of these 
compounds had a greater range between the maximum tolerated dose 
(MTD) and minimum effective dose (MED) for a single subcutaneous 
injection against Sarcoma 37 than did colchicine itself. Consequently 
we investigated the potency of a variety of other compounds closely 
related to colchicine. 

Colchicine is the methyl ether of N-acetyltrimethylcolchicinic acid in 
which the hydroxyl group of the seven-membered C ring has acidic proper- 
ties. Accordingly, colchicine has some of the properties of an ester and 
is susceptible to reaction with ammonia and amines to form amino com- 
pounds (text-fig. 1). The compound formed from the reaction of col- 
chicine and ammonia has been called colchiceinamide; it was first prepared 
in 1888 by Zeisel (2). A general method for the preparation of substituted 
colchiceinamides is available (3), and several substituted colchiceinamides 
have already been reported and characterized in the literature (3, 4). 
Although the name colchiceinamide implies that it is an amide of colchi- 
ceine, it is not a true amide; in particular, the amino group is much more 
basic than is an amide and consequently forms a hydrochloride which is 
readily soluble in water. 

The toxicity of colchiceinamide has been investigated by Riissemeyer 
(5) and by Lipps (6). Lettré and Fernholz (7) and Lettré (8, 9) have re- 
ported the action of colchiceinamide and some of its N-substituted deri- 
vatives on mitosis of fibroblasts in vitro and on the survival of mice bearing 
the Ehrlich ascites tumor. Cramer and Broderson (10) reported that 
local application of an N-substituted colchiceinamide to skin tumors in 
patients yielded beneficial results. 


1 Received for publication August 12, 1952. 


2 Research Fellow of the National Cancer Institute. Present address: Department of Pharmacology, The 
George Washington University School of Medicine, Washington, D. C. 
3 National Institutes of Health, Public Health Service, Federal Security Agency. 
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In the experiments presented in this paper, 14 colchiceinamides were 
examined for ability to damage Sarcoma 37. 


MATERIALS AND METHODS 


The colchiceinamides were prepared in this Laboratory (11) from 
colchicine that had been purified by a chromatographic procedure. The 
melting points of the amides are listed in table 1. Text-figure 1 gives 
their basic structure. Two types of amines were used in the preparation 





R=OCH, = COLCHICINE 
= NH, = COLCHICEINAMIDE 
= NHCH, to NH(CH,),CH, = N- METHYL - to N-n- OCTYLCOLCHICEINAMIDE 
= NHCH,CH,OH = N-(- HYDROXYETHYL) - COLCHICEINAMIDE 
= NHCH,CH,Cl = N-(@- CHLOROETHYL) - COLCHICEINAMIDE 
= N(CH,), = N,N -~- DIMETHYLCOLCHICEINAMIDE 
= N(CH,CH,) , = N,N - DIETHYLCOLCHICEINAMIDE 


~ N(CH, CH,OH), 


N, N - BIS (@- HYDROXYETHYL) - COLCHICEINAMIDE 


TEext-FIGURE 1.—Basic formula for colchicine, colchiceinamide, and the N-substituted 
colchiceinamides. 


of the N-substituted colchiceinamides: 1) a series of homologous primary 
amines from the methyl- to the n-octyl- was employed for substitution 
in the colchicine molecule to ascertain the effect of the length of the 
chain on tumor-damaging potency; and 2) a series of primary and second- 
ary amines (principally methyl- and ethyl-) with substituents in the ethyl 
group, to determine the effect on potency of substituted amines. 

As described previously (12), non-tumor-bearing mice were used for 
preliminary lethality determinations; CAF; mice bearing six-day-old 
intramuscular implants of Sarcoma 37 were then given a single subcuta- 
neous injection of each compound. Since it had been found that with 
colchicine derivatives (1) the single time interval of 24 hours gave a 
sufficiently reliable indication of tumor-damaging activity for the purpose 
of these experiments, the animals were sacrificed 24 hours after injection 
and the tumors examined for gross and microscopic evidence of induced 
damage. Otherwise the techniques were as described previously (12). 
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TABLE 1.—Melting points of the colchiceinamides examined 








Melting 
= Compound point* 

‘ (corr.) (°C.) 
NM eel cease diac. x, claw ec aier ier Colchiceinamide.............. 261-262 
2287 | N-methyl- et aie cne ieee 230-232 
2288 | N-ethyl- re rere 200-210 
2289 N-(8-hydroxyethyl)- EE en een 225-226 
2305 | N,N-dimethyl- tC eee 203-205 
2306 N,N-bis(8-hydroxyethyl)- ree ec I 
2307 | N,N-diethyl- ee en 209-211 
2473 N-(8-chloroethyl)- oe Sickteneckeeic eee 
2620 | N-n-butyl- ee 192-193 
2621 N-n-amyl- oe eee 189-194 
2622 | N-n-hexyl- “ee eee 164-166 
2623 N-n-heptyl- ee en, 131 
2624 N-n-octyl- Mt eke ae ite 121 
2776 N-n-propyl- TE eee 162-165 

















*The melting points given here are for the specimens used in these biological experiments. See reference (11) 
for details on the further characterization of these compounds, as well as for the properties reported by other 
investigators. 

tDihydrate. 


RESULTS 


Table 2 gives illustrative data on the potency of a homologous series 
of substituted amides of colchicine in producing gross and microscopic 
damage in Sarcoma 37, after a single subcutaneous injection into mice 
bearing six-day-old implants. The amides from methyl-, ethyl-, and 
n-propyl- amine were injected as aqueous solutions; the higher homologs 
had little solubility in dilute aqueous HCl and were therefore injected as 
suspensions in olive oil. 


TABLE 2.—Damage induced in Sarcoma 87 with a single subcutaneous injection of a 
homologous series of N-substituted colchiceinamides 





























NCI Dose | No.of} Mortal pie | 
‘ o.of | Mortal- | damage 
No. Compound Vehicle (ug./ |expts.| ity* after 24 
gm.) hours 
lv NS oss csigcand-aws WINE aiiccaas 3 2/25 12/12 
1.5 1 0/8 3/8 
2177 | Colchiceinamide......... aqueous HCl..| 100 2 12/23t 5/5 
40 2 1/16f 6/6 
4 2 0/15 15/15 
2 2 0/15 3/15 
2287 | N-methylcolchiceinamide.| aqueous HCl.. 3 3 2/21t | 13/13 
2 2 0/13 13/13 
1 2 0/13 1/13 
2288 | N-ethylcolchiceinamide...| aqueous HCl.. 6 2 1/16t 5/5 
3 2 0/13 12/13 
2 3 0/24 4/24 
2776 | N-n-propylcolchicein- | aqueous HCl..| 30 2 | er 
amide. 8 1 0/8 8/8 
5 2 0/16 5/16 














See footnotes at end of table. 
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TABLE 2.—Damage induced in Sarcoma 37 with a single subcutaneous injection of a 
homologous series of N-substituted colchiceinamides—Continued 









































| Dose - sii fmmeel 
NCI — 0.of | Mortal- | damage 
No. Compound Vehicle | (ug./ | expts.| ity* after 24 
gm.) hours 
| 
2620 | N-n-butylcolchiceinamide.| olive oil...... | 100 2 2/16t 7/8 
| 30 3 0/24 4/24 
2621 | N-n-amylcolchiceinamide .| olive oil...... | 125 1 gt Se 
64 1 0/7 7/7 
30 2 0/16 2/16 
2622 | N-n-hexylcolchiceinamide.} olive oil...... 150 1 Be Tocsmawers 
64 1 0/8 4/8 
40 1 | 0/8 | 0/8 
2623 | N-n-heptylcolchicein- | olive oil...... | 250 1 | 1/5 2/4 
amide. | 200 1 | 0/8 7/8 
| 100 sy /8 0/8§ 
2624 | N-n-octylcolchiceinamide .| olive oil...... 200 2 5/16t 7/8 
| 100 2 0/16 3/16 
“ . No. of mice dead _ | 
Expressed 88: 57 of mice treated 
tExpressed as: No.8 - mice we asuced ____1 domepp, The tumors in untreated controls showed no in- 


duced damage. 


tThe mice in some of these experiments were not sacrificed at 24 hours to determine tumor damage, but were 
observed for mortality for a period of approximately 5 days. 
§Distorted mitotic figures seen microscopically in 2 animals with no gross evidence of damage. 


All the amides in this series produced damage in Sarcoma 37 after a 
single injection. In general, the dose required to produce such damage 
increased as the length of the alkyl chain was increased. Thus N-methyl- 
colchiceinamide produced damage at doses as low as 1 yg. per gram of 
body weight, whereas the n-octyl- derivative required a dose of 100 ug. 
per gram. In a similar fashion the highest dose tolerated by the mice 
increased with the length of the alkyl chain. Colchiceinamide was ex- 
ceptional in this case and was tolerated in a single injection in a dose 
higher than the methyl- and ethyl- derivatives. 

Table 3 summarizes data on damage induced in Sarcoma 37 when pri- 
mary and secondary amines containing one and two carbon atom groups 
were substituted for the methyl ether group in the C ring. Data on 
colchiceinamide, the N-methyl- and N-ethyl- derivatives are also included 
for comparison purposes. Both the dimethyl- and diethyl- amides re- 
quired somewhat higher doses for activity, but were also tolerated at 
higher doses. Also included in table 3 are results obtained when §-hy- 
droxyethyl or 8-chloroethyl groups were substituted in the amino group. 
Both activity and toxicity appeared to decrease in comparison with their 
respective ethyl or diethyl analogs. 
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TABLE 3.—Damage induced in Sarcoma 87 with a single subcutaneous injection of methyl 
and ethyl derivatives of colchiceinamide 









































_ | Dose te of | ta , Induced 
I ? 0.0 ortal- | damaget 
No. | Compound Vehicle (ug./ |}expts.| ity* | after 24 
gm.) hours 
2177 | Colchiceinamide......... aqueous HCl..| 40 2 1/16t 6/6 
| 2 2 0/5 3/15 
2287 | N-methylcolchiceinamide.} aqueous HCl.. 3 3 2/21t| 13/13 
3 2 0/13 13/13 
| 1 2 0/13 1/13 
2305 | N,N-dimethylcolchiceina- | aqueous HCl..| 25 1 3/8 5/5 
mide. 5 1 0/8 8/8 
3 2 1/16 15/15 
2 1 0/8 8/8 
1 1 0/8 0/8§ 
2288 | N-ethylcolchiceinamide...} aqueous HCl.. 6 2 1/16f 5/5 
3 2 0/13 12/13 
2 3 0/24 4/24 
2307 | N,N-diethyleolchiceina- | aqueous HCl..} 10 2 eae 
mide. 8 1 0/8 8/8 
5 y 1/16 3/15 
3 1 0/8 0/8 
2289 | N-(§-hydroxyethyl)-col- | aqueous HCl..| 40 1 7 8 eee 
chiceinamide. 15 1 0/8 7/8 
10 2 0/10 10/10 
8 2 0/13 8/13 
| § 3 0/21 0/21 
2306 | N,N-bis(8-hydroxyethyl)- | aqueous HCl..| 40 2 2/16f 8/8 
colchiceinamide. | 20 2 0/16t 8/8 
| 10 2 | o/16 | 2/16 
2473 | N-(8-chloroethyl)-colchi- | water........ 30 2 1/15t 7/7 
ceinamide. 10 2 0/13 13/13 
8 1 | 0/8 8/8 
| 5 2 | 0/16 0/16 











_No. of mice dead . 

No. of mice treated 

No. of mice with induced tumor damage | 
No. of mice sacrificed 


*Expressed as: 


tExpressed as: 





The tumors in untreated controls showed no 
induced damage. 


tThe mice in some of these experiments were not sacrificed at 24 hours to determine tumor damage but were 
observed for mortality for a period of approximately 5 days. 
§‘‘Early cell damage”’ seen microscopically in 2 animals with no gross evidence of damage. 


Approximate values for the maximum tolerated dose (MTD) and 
minimum effective dose (MED) in mice bearing six-day-old implants of 
Sarcoma 37 were determined for these amide derivatives of colchicine 
and are listed in table 4. Although the lethality of many of the deriva- 
tives was greatly reduced in comparison with colchicine, most of them 
had about the same relative potency, i.e., about the same values for the 
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ratio MTD/MED for a single injection of these compounds. This ratio 
varied from about 1.5 to about 4 as compared with a value of about 2 
for colchicine. In contrast, colchiceinamide had a MTD/MED of about 
20 and N-n-propylcolchiceinamide had a ratio of about 6. 


TABLE 4.—Approzimate values for the maximum tolerated dose (MTD) and minimum 
effective dose (MED) for derivatives of colchiceinamide 











NCI MTD* | MED* | MTD/ 
No. Compound (ug./gm.)| (ug.igm.)| MED 
eT 3 1.5 2 
US ae ieee Colchiceinamide...... 40 2 20 
2287 | N-methyl- - 3 1 3 

2288 | N-ethyl- se 6 2 3 
2776 | N-n-propyl- ” 30 5 6 
2620 | N-n-butyl- 5 100 30 3 
2621 | N-n-amyl- pi 100 30 3 
2622 | N-n-hexyl- + 150 60 2.5 
2623 | N-n-heptyl- © 250 100 2.5 
2624 | N-n-octyl- rs 150 100 1.5 
2305 | N,N-dimethyl- 2 5 2 2.5 
2307 | N,N-diethyl- ee 10 5 2 
2289 | N-(8-hydroxyethyl)- a“ 30 8 4 
2473 | N-(8-chloroethyl)- " 25 Ss 3 
2306 | N,N-bis(8-hydroxyethyl)- - 40 10 4 

















*MTD and MED values were determined in a manner similar to that described previously (/2). The mice 
at higher dose levels were usually permitted to survive for about 5 days to give dataon the MTD. The data 
- here represent over-all summaries of experiments, some of which are listed in the preceding tables in more 

etail. 


Since the higher homologs of colchiceinamide (n-butyl to n-octyl) were 
administered in an oily vehicle, because of their insolubility in aqueous 
HCl, the influence of the solvent was tested. Colchiceinamide, in aqueous 
solution and in olive-oil suspension, was injected into separate groups of 
tumor-bearing mice, to ascertain the influence of the vehicle upon the 
MTD and MED. These limited data indicate that colchiceinamide was 
more lethal when given in oil (MTD in oil about 25 yg./gm. contrasted 
with about 40 yg./gm. in aqueous HCl), in spite of its insolubility in oil. 
The MED was about the same in either vehicle. This is in accord with 
the observations of Brues and Cohen (13) who obtained greater lethality 
in rats with colchicine in oil (0.2 mg./kg.) as compared with an aqueous 
solution (5.0 mg./kg.). The use of olive oil as a vehicle thus did not seem 
to be responsible for the greater doses of these higher homologs required to 
induce damage in tumors or death of the animals. 


DISCUSSION 


In a previous report (/) it was shown that slight changes in the nature 
of the substituents in the colchicine molecule resulted in marked differ- 
ences in tumor-damaging potency as well as in lethality. The change in 
tumor-damaging activity did not parallel the change in lethal properties 
of these derivatives and, as a consequence, several derivatives had ratios 
of MTD to MED considerably greater than that of colchicine. 
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In the case of the amide derivatives, only colchiceinamide yielded a 
compound of high tumor-damaging potency accompanied by a greatly 
reduced lethality for a single subcutaneous injection. The minimum 
effective dose (2 ug./gm. of body weight) was virtually the same as that for 
colchicine (1.5 yg./gm.), yet the maximum tolerated dose (about 40 
pg./gm.) was about 13 times that of colchicine (3 ug./gm.). The results 
with the N-propylcolchiceinamide were not as pronounced, although a 
ratio for MTD/MED of about 6 was obtained. With all the other amides 
(both N-substituted and N,N-disubstituted derivatives) the values of the 
ratio MTD/MED (1.5 to 4) were not greatly different from that for 
colchicine (ratio of 2). Even though the dose tolerated by the mice 
increased with the length of the homologous substituent, the minimum 
dose required for tumor-damaging potency also increased to a correspond- 
ing degree. 

Although there appeared to be an increase in the MTD/MED as the 
chain of the N-substituted colchiceinamides was increased to three carbon 
atoms (see n-propylcolchiceinamide, table 4), no significance is attached 
to these relatively small differences. Furthermore, the apparent decrease 
in potency of the higher homologs (N-butyl and higher) is not necessarily 
attributable to the loss in water solubilty which occurred after the N- 
propylcolchiceinamide. The vehicle (olive oil) used for these higher 
homologs apparently was not responsible for the reduction in potency or 
in lethality, as compared with the aqueous vehicle. As a matter of fact, 
a greater lethality is reported both for colchicine (13) and for colchicein- 
amide in oil vehicle as compared with an aqueous one. 

From the chemical standpoint, the high activity and low lethality of 
colchiceinamide may be somewhat anomalous. This compound can be 
considered to be an ammonia analog of colchiceine, whereas the N-methyl- 
colchiceinamide would be an analog of colchicine. As such, the relative 
biological activity of these amides might be expected to parallel the 
activities of colchiceine and colchicine respectively. Although N-methyl- 
colchiceinamide had a potency against Sarcoma 37 (MTD=3 ug./gm.; 
MED=1 uzg./gm.) virtually the same as that for colchicine (MTD=3; 
MED=1.5), the potency of colchiceinamide (MTD=40; MED=2) was 
quite different from that of colchiceine (MTD=150; MED=75 [see table 
4 in reference (1)]). 

Preliminary data obtained with ethylcolchiceine, the next higher homo- 
log of colchicine, which will be reported in a later communication, indicate 
that its potency is comparable to that of the corresponding N-ethylcol- 
chiceinamide analog reported here. This apparently anomalous activity 
of colchiceinamide awaits further clarification.‘ 

In contrast with our findings Lettré (8) showed that, with the Ehrlich 
ascites tumor, increased survival was obtained with low doses of N-methy]l- 
and N-ethylcolchiceinamide, but no effect with maximum tolerated doses 

«In a recent publication (14) Horowitz and Ullyot have published physico-chemical data which demonstrate 
that hydrogen bonding occurs in colchiceine and as a consequence this compound is essentially in an iso form. 


This might account for its reduced activity. In a subsequent paper data will be provided showing that the iso 
form of colchicine and some of its derivatives are relatively inactive in damaging Sarcoma 37. 
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of colchiceinamide. It should be pointed out, however, that the data of 
Lettré are for multiple injections (5 daily injections), whereas our data 
are for a single injection. 

Replacement of the methoxyl group by secondary amines [dimethyl-, 
diethyl-, and bis(8-hydroxyethyl)-] produced derivatives of reduced 
lethality, but only in the case of the N,N-bis(8-hydroxyethyl)-colchicein- 
amide was a ratio of MTD/MED of as much as 4 obtained. 

The N-(8-chloroethy])-colchiceinamide is of interest in that it represents 
a nitrogen mustard derivative of colchicine. Its potency (see table 3) 
appeared to be virtually the same as that of N-(8-hydroxyethyl)-col- 
chiceinamide, suggesting that the chlorine is hydrolyzed in the body to yield 
the corresponding hydroxy- derivative. Attempts to synthesize the bis- 
(8-chloroethyl)- derivative from N,N-bis (8-hydroxyethyl)-colchicein- 
amide have not been successful to date. These attempts, so far, have 
yielded a noncrystalline material of variable composition, which could 
not be characterized chemically. The potency of this material appeared 
to be similar to that of the bis(8-hydroxyethyl)- derivative, but further 
experiments on its activity are being deferred until such time as the prod- 
uct can be characterized chemically. 


SUMMARY AND CONCLUSIONS 


In experiments employing about 1,200 tumor-bearing mice, 14 amide 
derivatives of colchicine were investigated for their potency in producing 
damage to Sarcoma 37, following a single subcutaneous injection. It 
was found that: 

1) All of the compounds produced gross and histologic damage in 
Sarcoma 37 at or below the maximum dose tolerated. 

2) Colchiceinamide was the only compound which gave a ratio for 
MTD/MED considerably greater than that for colchicine (approximately 
20 and 2, respectively). N-n-propylcolchiceinamide had a ratio of about 
6, and all the other compounds had ratios between 1.5 and 4. 
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Tumor-Damaging Capacity of Plant 
Materials. II. Plants Used as 


Diuretics ! 


Morris Berxin, Dorotuea B. Firzcreraxp, and 
Marte D. Feux,? Laboratory of Chemical Phar- 
macology, National Cancer Institute,? Bethesda, Md. 


In a previous communication (1), findings were reported concerning a 
search for tumor-necrotizing substances from plant sources. 

For convenience, the plants tested in these studies have been grouped 
from the standpoint of a pharmacologic action generally attributed to 
them. The first paper in this series dealt with plants used as cathartics; 
this report presents the results of testing materials from plants employed 
as diuretics for their capacity to damage Sarcoma 37. 


MATERIALS AND METHODS 


The plant materials (roots, leaves, etc.) were obtained from a commer- 
cial supply house ‘ in dry, powdered form. Four preparations were made 
of each material: an aqueous suspension, an olive-oil suspension, an 
alcohol extract, and an acid extract. A more detailed account of materials 
and procedures was given in the first paper (/). 

Sarcoma 37 implanted intramuscularly in CAF, mice was used as test 
tumor. Dosage was based on preliminary toxicity experiments with 
non-tumor-bearing mice. Animals carrying six-day-old implants were 
given a single subcutaneous dose in the shoulder area contralateral to 
the tumor. Five treated mice and five untreated controls were sacrificed 
at 6, 24, and 48 hours after injection. Gross findings were noted and a 
slice of the tumor fixed for histologic examination. 

Induced damage was determined from the gross and histologic appear- 
ance of the tumor, as described previously (1). When widespread ne- 
crosis was present histologically in a majority of tumors of treated mice 
at any one post-mortem period and absent in the control tumors, the 
effect was considered as marked induced damage and represented with a 
++ symbol. 

1 Received for publication August 12, 1952. 
2 With the technical assistance of James C. Prince, Jr. 


4 National Institutes of Health, Public Health Service, Federal Security Agency. 
4S. B. Penick and Co., New York, N. Y. 
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RESULTS 


Preparations from 30 plant species were tested. In a few instances 
more than one part of the same plant was examined. Table 1 lists the 
preparations and doses used and the results obtained. 

Three plants produced a strong effect: Dioscorea villosa, Oxydendrum 
arboreum, and Spiraea ulmaria. 

Tumor damage of lesser degree, for which the symbol + is used (table 1), 
was exhibited by 9 plants: Apocynum androsaemifolium, Asparagus 
officinalis, Capsella Bursa-pastoris, Equisetum arvense, Equisetum hyemale, 
Hydrangea arborescens, Juniperus communis, Parietaria officinalis, and 
Polytrichum juniperum. 


DISCUSSION 


It is interesting to note that preparations of 2 plants induced mitotic 
arrest at the metaphase. In each injection, the acid extract of Chimaphila 
maculata (spotted pipsissewa leaf) and Sassafras albidum (sassafras bark 
of tree) produced numerous metaphases 6 hours after injection, the effect 
resembling that obtained with colchicine. This phenomenon was no 
longer evident 24 hours later. 

The use of ‘‘Pipsessaway tea”’ in treating malignant disease was reported 
by Mossel in 1818 (2). A decoction made from Chimaphila umbellata 
(at that time called Pyrola umbellata) was used to treat two cases of 
“cancer,”’ with “cures” resulting in about a month. However, negative 
results were obtained against Sarcoma 37 with two species of pipsissewa 
in the experiments reported here. 

In collaboration with the chemists of this Laboratory, it is planned to 
isolate and identify the active constituents in the most potent plant 
materials of this series of papers. 


SUMMARY 


Materials from 30 plants, used as diuretics, were tested for necrotizing 
capacity against Sarcoma 37 implanted in CAF; mice. Four preparations 
were used for each plant material: an aqueous suspension, an olive-oil 
suspension, an alcohol extract, and an acid extract. 

Materials from 12 plants produced grossly and histologically demon- 
strable damage. A relatively pronounced effect was induced with 
Dioscorea villosa, Oxydendrum arboreum, and Spiraea ulmaria. Tumor 
damage of lesser degree was exhibited by 9 other plants: Apocynum 
androsaemifolium, Asparagus officinalis, Capsella Bursa-pastoris, Equise- 
tum arvense, Equisetum hyemale, Hydrangea arborescens, Juniperus com- 
munis, Parietaria officinalis, and Polytrichum juniperum. 
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Estrogen-Induced Tumors of the Kid- 
ney. I. Incidence of Renal Tumors 
in Intact and Gonadectomized Male 
Golden Hamsters Treated With Diethyl- 
stilbestrol »** 


Hapuey Krrxman and R. L. Bacon,‘ Department 
of Anatomy, Stanford University School of Medi- 
cine, Stanford, Calif. 


A series of preliminary papers (7, 9-12, 14) from this laboratory re- 
corded for the first time the occurrence of renal cortical tumors (figs. 2, 
3, 4, 7) in the kidneys of estrogen-treated golden hamsters. This is the 
first of a series of definitive papers describing various aspects of these 
tumors, ¢.g., sex differences; regression; effects of age, dosage, mode of 
administration and type of estrogen used; pathology; histochemistry; 
histogenesis; specificity of stimulus and response; transplantability; 
X-ray-induced inhibition; effect of hypophysectomy; hormonal mecha- 
nism; and so forth. Other more or less closely related observations will be 
published also. Some of these observations have been described previously 
in preliminary form (1-6, 8-10, 15, 17). Certain other studies have 
already appeared in final form (18-21). 


METHODS 


While all of the data included below are from male hamsters (Cricetus 
auratus) treated with the synthetic estrogen diethylstilbestrol,® the natural 
estrogen, estradiol, has proved to be equally effective in producing renal 
tumors in a few male hamsters. The first renal tumors found were in 
hamsters receiving subcutaneous injections of 0.6 mg. of estrogen in 
0.4 cc. of sesame oil every other day, starting from the 35th to the 77th 
day of life, and continuing for from 107 to 214 days. Injections were 
then continued with 0.6 mg. suspended in 0.2 cc. of 0.9 percent NaCl 


1 Received for publication September 8, 1952. 

2 This investigation was supported in part by research grants from the American Cancer Society upon 
recommendation of the Committee on Growth of the National Research Council, and from the National Cancer 
Institute of the National Institutes of Health, U. S. Public Health Service. 

3 We wish to express here our sincere appreciation to Miss Marilyn Robbins for preparing the histologic mate- 
rials and for performing the gonadectomy operations. We wish tu express our appreciation also to Mr. Frank 
Barrett for the photographic work. 

4 Present address: Division of Anatomy, The University of Tennessee, Memphis, Tenn. 

§ We wish to thank Dr. E. Oppenheimer, of Ciba Pharmaceutical Products Inc., for his generous supply of the 
estrogens. 
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solution, until the death of the animal, i.e., for an additional 215 to 
360 days. Later, a few animals received only the saline suspension of 
the estrogen. The majority of estrogen-treated animals received either 
the saline suspension followed by subcutaneously implanted pellets of 
pure diethylstilbestrol, or pellets alone. All three methods of adminis- 
tering the estrogen were effective. 

Our first hamsters were obtained from a variety of sources, but for the 
past three years no new animals from outside have been introduced into 
our colony. The colony does not yet constitute a highly inbred strain, 
however. All animals were maintained on a diet of Purina fox chow, 
dog biscuit and lettuce. 

RESULTS 


One hundred and thirty-one male hamsters were treated with diethyl- 
stilbestrol alone, as described above, for varying periods of time, as sum- 
marized in table 1 and text-figure 1. Autopsies were performed on all 
animals. 






100 


% Showing Tumors 
> o @ 
° ° ° 


© 
°o 








TEXT-FIGURE 1.—Incidence of renal tumors in intact male hamsters treated contin- 
uously with diethylstilbestrol alone for varying periods of time starting between the 
35th and the 77th day of life. Diethylstilbestrol was administered by subcutaneous 
injection every other day (0.6 mg. in 0.4 cc. of sesame oil, or 0.6 mg. in 0.2 ce. of 
0.9 percent NaCl solution) or by subcutaneously implanted 20 mg. pellets, reim- 
planted after 200 days (average daily absorption from pellets about 0.1 mg.). 
(The alternation of open and lined bars has no significance beyond providing greater 
visual contrast.) 


No renal tumors were found in any of 45 untreated male control ham- 
sters (table 2). Nor were any renal tumors found in any of the 12 animals 
treated for less than 150 days. The one tumor-bearing male animal in 
the 150 to 199 day group (table 1) had been treated for 180 days and 
showed microscopically visible nodules in one kidney. Of the 6 tumor- 
bearing male hamsters in the 200 to 249 day group, one that had been 
treated for 204 days showed microscopic nodules in each kidney. For 
some time, all of the intact male hamsters treated for 250 days or longer 
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TABLE 1.—Incidence of renal tumors in intact male hamsters treated continuously with 
diethylstilbestrol * alone for varying periods of time starting between the 35th and the 
77th day of life 

















ica ole , Denies of | Percent of 
umber 0 ercent o animals in animals in 
aces sae ee an animals animals tumor-bear- | tumor-bear- 
in days treated showing showing ing group ing group 
renal tumors| renal tumors} showing showing 
metastases metastases 
50- 99 9 0 0 0 0 
100-149 3 0 0 0 0 
150-199 10 1 10 0 0 
200-249 9 6 66 1 17 
250-299 10 10 100 1 10 
300-349 32 30 96 ll 37 
350-399 31 31 100 20 65 
400-449 21 20 95 10 50 
450-499 3 3 100 1 33 
500-549 1 1 100 1 100 
550-599 2 2 100 0 0 
Totals: 
50-599 131 104 79 45 43 
250-599 100 97 97 44 45 














*Administered by subcutaneous injection every other day (0.6 mg. in 0.4 cc. of sesame oil, or 0.6 mg. in 0.2 cc. 
of 0.9 percent NaC] solution) or by subcutaneously implanted 20 mg. pellets, reimplanted after 200 days (average 
daily absorption from pellets about 0.1 mg.). 


TABLE 2.—Incidence of renal tumors in hamsters receiving no diethylstilbestrol and used 


*Untreated, unless otherwise noted, 


as controls* for the diethylstilbestrol-treated male hamsters 





Controls for 

















group treated] Number of —- of 
Age in days | for days as animals eine 
— = in group | renal tumors 
100-149 50- 99 12t 0 
150-199 100-149 1 0 
200-249 150-199 2 0 
250-299 200-249 5t 0 
300-349 250-299 9§ 0 
350-399 300-349 1 0 
400-449 350-399 | 0 
450-499 400-449 9 0 
500-549 450-499 1 0 
550-599 500-549 1 0 
600-985 550-599 2 0 
, ee epee 45 | 0 





tFour of these animals were used in another experiment also; 2 were kept in continuous light and 2 in continuous 
darkness for the duration of the experiment. 

{One kept in 24 hours of light, and 1 in 24 hours of darkness, daily. 

§One kept in 24 hours of light, and 2 in 24 hours of darkness, daily; 1 injected subcutaneously, every other day, 
with 0.4 cc. of sesame oil. 

|| Both injected subcutaneously, every other day, with 0.4 cc. of sesame oil. 

4 Four injected subcutaneously, every other day, with 0.4 cc. of sesame oil; 5 injected subcutaneously, every’ 
other day, witb 0.2 cc. of 0.9 percent NaCl solution. 
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developed renal tumors (figs. 2, 6, 7); there are now three exceptions to this 
“rule.” Of these three exceptions, one hamster treated for 320 days died 
before it was scheduled to be sacrificed; because of post-mortem changes, 
the kidneys were not examined microscopically. The second animal, 
treated for 330 days, showed no recognizable tumor nodules, but each 
kidney showed changes in the proximal tubules which were interpreted as 
possible precancerous alterations; this interpretation is distinctly tentative, 
however. The third animal was treated for 413 days and is the one 
complete failure observed in the present experiments. The reason for 
this failure is unknown. 

Abundant metastases (figs. 1, 4, 5, 6) have been found as early as 226 
days following the initiation of the treatment. On the other hand, the 
two animals in the 550 to 559 day group showed no metastases. 

All of 18 castrated hamsters treated with stilbestrol for from 248 to 415 
days (table 3) developed renal tumors; three of the tumors metastasized. 


TABLE 3.—I ncidence of metastases in 18 gonadectomized male hamsters treated continuously 
with diethylstilbestrol* alone for varying periods of time 





Age in days Number of | Number of 

















Aan > On © | when estro- | a rd ee — 
contented gen treatment dene | showing | showing 
| was started - | Tenal tumors | metastases 

38 | 40 248 1 | 0 
40 50 277 1 0 
40 50 304 1 0 
41 51 314 1 1 
40 50 336 1 0 
41 51 349 1 1 
41 51 360 1 0 
41 51 360 1 0 
61 68 361 1 0 
58 68 365 1 0 
40 50 375 1 0 
58 68 377 1 0 
60 68 380 1 0 
60 68 380 1 0 
58 68 380 1 0 
60 68 380 1 0 
40 50 401 1 1 
40 40 415 1 0 

Mean 48 57 | 353 100% 17% 








*Administered by subcutaneously implanted 20 mg. pellets, reimplanted after 200 days (average daily absorption 
about 0.1 mg.), except for the 7 animals treated for 361, 365, 377 and 380 days, all of which received 0.6 mg. in 0.2 ce. 
of 0.9 percent NaCl solution every other day. 


Statistical constants for the absolute and relative weights of the kidney 
for control male hamsters, and for stilbestrol-treated intact and gonad- 
ectomized male hamsters, are given in table 4. Only animals that were in 
reasonably good condition at the time of sacrifice were used in compiling 
these figures. 
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TABLE 4.—A comparison of the combined absolute and relative weights of the kidneys of 
control male hamsters with those of diethylstilbestrol-treated intact and gonadectomized 





























males 
| Number | at 
‘ ‘Standard; Probability 
| <= Mean Error (P) 

& db Control males. ..... 35 1156 31 
& & Treated males, no tumors . 19 1262 58 0.11 
Ge Treated males, tumors but 

_ | mo metastases. .... 37 2685 460 | 0.001 
33 Treated males, metastases . 33 7079 861 | <0.001 
£46 Treated castrates, tumors 
=3 ri but no metastases .. . 13 3401 451 <0.001 
EBS Treated castrates, metas- 
oO nS “Sc 2 o wR ee 3 6141 1571 0.001 
Sse | Control males... ... 35 10.3 0.39 
<2 % | Treated males, notumors . 19 13.8 2.01 0.09 
2's .. | Treated males, tumors but 
ot FE! nometastases. ....| 37 30.9 5.64 | <0.001 
= so. | Treated males, metastases. 33 74.5 8.62 <0.001 
>& 2 | Treated castrates, tumors 
2_‘>,~| _ butnometastases .. . 13 34.2 8.71 0.01 
7.205 | Treated castrates, metas- 
rw CORRS. s xa 6 oe % 3 | 60.4 1.92 <0.001 

DISCUSSION 


Of numerous species of animals that have been treated continuously 
with large amounts of estrogen over long periods of time, only the golden 
hamster is known to develop renal tumors after such treatment. Aside 
from the work done in this laboratory, only relatively few papers have 
been found to deal with the effect of estrogen on the hamster. Of these, 
only one (16) mentions the kidney; in that paper reference is made (in a 
table, but not in the text) to ‘‘a large secondary deposit macroscopically 
visible in the left kidney” of a male carrying a subcutaneously implanted 
pellet of diethylstilbestrol for 299 days, starting on the 42nd day of life. 
The paper gives no indication that this “deposit” was examined further; 
presumably it was an estrogen-induced tumor. In but one other study 
found, by Koneff et al. (13), was estrogen administration adequate for 
the production of renal tumors; these authors reported observations on 
two male hamsters bearing subcutaneously implanted pellets of diethyl- 
stilbestrol for as long as 260 days, starting on the 40th day of life, and no 
mention is made of kidneys. 

The metastases referred to above are probably neither blood nor 
lymph borne. They are confined to the abdominal cavity and undoubtedly 
arise by direct extension and by reimplantation. They occur abundantly 
on the abdominal surface of the diaphragm (figs. 1, 6), where it is common 
to find tumor cells in contact with diaphragmatic pleura, in the scrotum, 
throughout the mesenteries and omenta, and on the spleen (frequently 
invading it). They occur but rarely on the surfaces of the liver, stomach 
or intestine. As will be described in a subsequent paper, the tumor cells 
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are capable of metastasis through both blood and lymph streams, even 
though they may not do so when confined to the abdominal cavity. 
When transplanted subcutaneously in seven stilbestrol-treated, gona- 
dectomized male hamsters, tumor metastases were found about 200 days 
later, not only in an adjacent lymph node in one animal, but also in the 
abdominal cavities of all seven cases. Since no tumors were found in the 
kidneys of any of these animals, it is concluded that the abdominal 
metastases came from the transplants and not from primary renal tumors 
induced in the hosts.® 

Description of the pathology and histogenesis of the tumor and a dis- 
cussion of the possible relationships between it and other estrogen-induced 
tumors will be reported in a later paper. 

Usually kidneys bearing small or medium-sized tumor nodules are other- 
wise essentially normal in their histology (fig. 2); even in greatly enlarged 
kidneys, containing enormous tumor masses, the renal tissue between the 
tumor masses is ordinarily normal in appearance (fig. 3). An occasional 
au.mal has shown enlarged, pale, waxy-looking kidneys with histologic 
indication of nephritis and/or amyloid nephrosis. An increase in the size 
or weight of normally colored kidneys, then, is usually indicative of the 
presence of tumors, as shown by the data in table 4. The absolute and 
relative weights of the kidneys of 19 stilbestrol-treated intact males, not 
developing renal tumors, did not differ significantly from the weights 
of the kidneys of 35 control males. Absolute and relative kidney weights 
of 37 tumor-bearing males differed very significantly from those of the 
controls. This difference was especially conspicuous for the 33 animals 
in the metastatic group. In the castrate group, both absolute and relative 
kidney weights of the 3 animals bearing metastasizing tumors were 
greater than were those from the 13 animals with non-metastasizing 
tumors. 

SUMMARY 


Intact male golden hamsters treated continuously with diethylstilbestrol 
(0.6 mg. in sesame-oil solution or in saline suspension injected subcu- 
taneously every other day, or subcutaneously implanted pellets) developed 
no renal tumors in less than 150 days of treatment (12 animals). One 
animal (treated for 180 days) of 10 treated for 150 to 199 days, developed 
tumors. Sixty-six percent, or 6 of 9 animals, treated for between 200 and 
249 days, did develop renal tumors, and one of the 6, treated for 229 
days, showed metastases. Of 100 animals treated for 250 days or longer, 
97 percent developed renal tumors. Of these 97 animals, 44, or 45 percent, 
showed metastases. Metastases did not occur outside of the abdominal 
cavity (see footnote 6), although the tumor cells have been shown to be 
capable of metastasis through the blood and lymph streams. All of 18 


* Since this paper went to press, metastases from primary renal tumors were found in cervical lymph nodes, 
as well as throughout the abdominal cavities, of two male hamsters each bearing a subcutaneously implanted 
20 mg. pellet of pure stilbestrol plus a 20 mg. pellet of stilbestrol and cholesterol (1:4) for 345 and 349 days, respec- 
tively. This observation is interpreted as suggesting that the tumor cells may enter the lymph stream more 
freely than heretofore supposed, but that they find extra-abdominal environments relatively unfavorable for 
growth. 
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castrated hamsters treated similarly with stilbestrol for 248 to 415 days, 
developed renal tumors. Three of the 18 tumors, or 17 percent, metasta- 
sized. 

The absolute and relative weights of the kidneys of stilbestrol-treated 
intact male hamsters, not developing renal tumors, did not differ signifi- 
cantly from those of control male animals, but the kidney weights of 
intact and of gonadectomized male hamsters developing renal tumors were 
significantly greater than those of controls. The kidney weights of both 
intact and castrated animals bearing metastasizing renal tumors were 
significantly greater than were the kidney weights of similar animals 
bearing non-metastasizing tumors. 
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Figure 1.—Renal tumors, and metastases from them, in a castrated hamster bearing 
a subcutaneously implanted pellet of diethylstilbestrol for 243 days, starting on the 
52nd day of life. x % 


Figure 2.—A cross section through the left kidney from a male hamster bearing a 
subcutaneously implanted pellet of diethylstilbestrol for 280 days, starting on the 
50th day of life. Each kidney contained several small tumor nodules. The rela- 
tively high concentration of alkaline phosphatase, characteristic of these tumors, is 
well illustrated. Gomori’s method for alkaline phosphatase. X 7% 


Figure 3.—A cross section through the right kidney from a male hamster bearing a 
subcutaneously implanted pellet of estradiol for 414 days, starting on the 50th day 
of life. A small portion of histologically normal kidney tissue can be seen at the 
bottom of the figure. Hematoxylin and eosin. X 3 


Figure 4.—The spleen and the right and left kidneys from the animal illustrated in 
figure 6. The left kidney is the more extensively involved in tumor formation. 
Many metastases are evident along the splenic hilus. Xx 1% 


Figure 5.—A section through the spleen from a male hamster bearing a subcutaneously 
implanted pellet of diethylstilbestrol for 400 days, starting on the 50th day of life. 
Both kidneys contained several large tumor masses from which metastases had 
spread abundantly throughout the abdominal cavity. Some of these metastases 
had invaded the spleen, as illustrated by this figure in which a small amount of the 
white pulp (a) of a splenic nodule, and a cross section of the so-called central arteriole 
(b), may be seen surrounded by tumor cells (ec). Hematoxylin and eosin. X 145 
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PLaTE 81 


FicurE 6.—Diaphragmatic metastases from primary renal tumors in a male hamster 
bearing a subcutaneously implanted pellet of diethylstilbestrol for 411 days, starting 
on the 75th day of life. Note the liver depression caused by an adjacent tumor 
nodule. K 2 


Ficure 7.— Kidneys, pituitary gland and reproductive tract from a male hamster 
bearing a subcutaneously implanted pellet of diethylstilbestrol for 411 days, starting 
on the 75th day of life. 1% 











JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 31 PLATE 81 


* 


METRIC 1 
TUTE 





Kirkman and Bacon (00 











Estrogen-Induced Tumors of the Kid- 
ney. II. Effect of Dose, Administra- 
tion, Type of Estrogen, and Age on the 
Induction of Renal Tumors in Intact 
Male Golden Hamsters »** 


Hapiey Kirxman and R. L. Bacon,‘ Department 
of Anatomy, Stanford University School of Medicine, 
Stanford, Calif. 


The first paper (1) of this series describes the occurrence of renal tumors 
in intact and gonadectomized male golden hamsters (Cricetus auratus) 
following prolonged administration of diethylstilbestrol. The present 
paper is concerned with the effects of dosage, mode of administration, 
type of estrogen, and of age of the animal at the start of treatment on the 
induction of these tumors in intact males. 


METHODS 
The methods used were the same as those described previously (1) .5 
RESULTS 


The effect of variations in the dosage of stilbestrol on the induction of 
renal tumors is summarized in table 1. When 0.6 mg. of the estrogen, 
suspended in 0.2 cc. of 0.9 percent NaCl solution, was injected subcutane- 
ously every other day for 250 days or longer, all of 11 animals developed 
tumors. When one-tenth of this amount, i. ¢., 0.06 mg., was administered 
in the same way, none of three animals developed tumors. Of 53 pellets 
of stilbestrol implanted subcutaneously in 53 animals, weights of 43 
recovered pellets were obtained. Calculations from the weights indicate 
a mean daily absorption of 0.09 mg. for these animals; 52 of the 53 hamsters 
developed tumors (figs. 1, 2, 5). These data suggest that the minimum 
effective oncogenic dose is between 0.09 mg. and 0.03 mg. per day. 

When 0.6 mg. of the estrogen was injected every tenth day, instead of 
every second day, to 5 animals, none of them developed tumors. 

1 Received for publication September 8, 1952. 

2 This investigation was supported in part by research grants from the American Cancer Society upon recom- 
mendation of the Committee on the Growth of the National Research Council, and from the National Cancer 
Institute of the National Institutes of Health, U. 8S. Public Health Service. 

3 We wish to express here our sincere appreciation to Miss Marilyn Robbins for preparing the histologic ma- 


terials and for performing the gonadectomy operations. We wish to express our appreciation also to Mr. Frank 
Barrett for the photographic work. 


4 Present address: Division of Anatomy, The University of Tennessee, Memphis, Tenn. 


4 The estrogen used in this study was generously supplied by Dr. E. Oppenheimer of the Ciba Pharmaceutical 
Products Inc., Summit, N. J. 
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Metastases occurred in each of the two groups receiving an effective 
dose of estrogen. Both absolute and relative kidney weights were con- 
siderably higher in tumor-bearing animals than in non-tumor-bearing 
animals and controls. 

The effect of administering estrogen in different ways was studied for 
stilbestrol. The results of this study are summarized in table 2. 

No animals were given the estrogen in sesame-oil solution exclusively, 
but 8 received subcutaneous injections (0.6 mg. in 0.2 cc. every other 
day) of such a solution for an average of 151+15 (Standard Error) days, 
followed by injections of a saline suspension of the estrogen (0.6 mg. in 
0.2 cc. of 0.9 percent NaCl solution, at pH 7.3-7.4) every second day for 
an average of 247+16 (S. E.) days. All 8 animals developed renal 
tumors. 

Eleven animals received the estrogen in saline suspension alone; all 
developed tumors. 

Thirty-six animals were injected with the saline suspension for an aver- 
age of 101+64 (S. E.) days, followed by the subcutaneous implantation 
of pellets of stilbestrol for a mean period of 278+16 (S. E.) days. All 
but one of the 36 animals developed tumors. 

In 53 animals, the estrogen was given entirely in the form of subcuta- 
neously implanted pellets. Again, all but one developed renal tumors. 

Combining the 4 groups, out of a total of 108 treated animals renal 
tumors were found in all but 2. 

No tumors were found in any of 17 untreated control hamsters, 7 sesame- 
oil-treated controls, or in 5 saline-solution-treated controls. Neither 
were tumors found in any of 8 males implanted with pellets containing a 
mixture of stilbestrol and cholesterol in a ratio of 1:4. In a second series 
of 11 males implanted with a similar pellet, plus a pellet of pure stilbestrol, 
7 animals died prematurely after 272, 328, 345, 349, 395, 400 and 417 days 
of treatment, respectively. Tumors were apparent in all kidneys and 
abdominal metastases were present in the animals treated for 345, 349, 
395 and 400 days. In the first 2 of these 4 animals metastases were un- 
usually massive and had extended into the lumbar tela subcutanea and had 
involved cervical lymph nodes. The remaining animals in this series have 
not yet been sacrificed. 

Four different estrogens, in the form of subcutaneously implanted 
pellets, were studied with regard to their capacity to induce renal tumors. 
The results of this study are summarized in table 3. Renal tumors 
appeared in 52 of 53 intact males treated with stilbestrol (kidney weights 
available in only 47, however), and in all of 15 males treated with alpha 
estradiol. Metastases occurred in each group. No kidney tumors 
(with the one exception noted in the table) were found in any of 12 animals 
receiving ethiny] estradiol, in 7 receiving Fenocylin (7-methyl-bis-dehydro- 
doisynolic acid), or in 12 untreated controls. Again, both absolute and 
relative weights of the kidneys were higher in tumor-bearing animals than 
in non-tumor-bearing animals or in controls. 
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The results of a study of the effect of age, at the start of stilbestrol 
treatment, on the induction of kidney tumors are summarized in table 4. 
Three animals, started on the 35th day of life, 27 started on the 75th day 
and 1 started on the 77th day, all developed kidney tumors. Of 109 
hamsters started between the 35th and the 77th day of life 106, or 97 
percent, developed tumors. ll of 6 started on the 200th day and all of 5 
started on the 300th day, developed tumors. Of 3 started on the 512th 
day of life, one survived for 136 days, one for 204 days, and one for 238 
days of treatment. The last one to die showed microscopic renal tumors. 
No tumors occurred among the 29 untreated male controls. Metastases 
occurred in all age groups, except among the 4 tumor-bearing males of 
the 5 animals started on the 52nd day and among the 3 started on the 
512th day of life. Again both absolute and relative kidney weights were 
greater for the stilbestrol-treated, tumor-bearing animals than for the 
controls. 

DISCUSSION 


The minimum effective dose of stilbestrol, for the induction of renal 
tumors in the golden hamster, lies between 0.03 and 0.09 mg. per day, as 
described above. While 0.6 mg. is effective when injected every second 
day it is not effective when administered every tenth day; however, over 
a period of 400 days, this would represent a total of only 24 mg. of stil- 
bestrol administered at a mean daily rate of 0.06 mg., 7.e., one-fifth of the 
known effective dose. One-half of this amount, i.e., 12 mg., given as 
0.06 mg. every second day, is equally ineffective. The failure of 0.6 mg. 
given every tenth day may be due, then, not to discontinuity in absorp- 
tion, but to an inadequate total amount administered. In terms of total 
amount of estrogen given, the smallest amount of stilbestrol found effective 
in injected animals is 54 mg. (0.6 mg. every second day for 180 days in 
an intact male) or, in animals treated with implanted pellets, between 16 
and 17 mg. (16.3 mg. at 0.075 mg. per day for 217 days in an intact 
male, 16.1 mg. at 0.076 mg. per day for 211 days in a gonadectomized 
male, and 16.4 mg. at 0.091 mg. per day for 179 days in a gonadecto- 
mized female). The smallest effective dose of estradiol pellets is con- 
siderably lower (7.5 mg. at 0.062 mg. per day for 121 days in a gonadecto- 
mized female). In order to be sure that the failure of tumors to appear 
in the animals injected every tenth day was due to fluctuations in the 
level of stilbestrol, rather than to the amount administered, a group of 
males is being given 3 mg. every tenth day, thus making the mean daily 
absorption rate 0.3 mg., a rate known to be effective when continued 250 
days or longer. The results of this experiment will be published later. 

If the renal tumors.are comparable to the well-known estrogen-induced 
fibromas of guinea pigs, described in great detail recently (2), rene! tumors 
should not develop following discontinuous administration of estrogen. 
That the renal tumors may not be comparable to estrogen-induced 
experimental fibroids is suggested by their failure to appear in males 
bearing subcutaneously implanted pellets of a mixture of stilbestrol and 
cholesterol in the ratio of 1:4. The so-called fibromatogenic effect can 
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be elicited in guinea pigs with pellets of estradiol and cholesterol in the 
ratio of 1:32 (2). Furthermore a pellet weighing about 30 mg., but 
containing only about 1.6 mg. of estradiol, is reported to be as effective 
as 50 to 80 mg. of free estradiol injected subcutaneously. It is probable 
that the renal-tumor-inducing properties of estrogen and cholesterol 
mixtures are not comparable to their fibroma-inducing properties. While 
there is a slight reduction in the weight of testis in some of the stilbestrol- 
cholesterol treated hamsters, there is no apparent loss of spermatogenic 
activity. The one animal treated for the longest period of time (500 days) 
was used for breeding during the course of treatment and sired normal 
litters on the 370th, 378th and 384th day following the implantation of 
a 20 mg. pellet (see figs. 1 and 2). The pellet, recovered at autopsy, 
showed no loss in weight. Since such a pellet contains only 4 mg. of 
stilbestrol as compared with 20 mg. in the pellets of pure stilbestrol 
employed, a series of males has been implanted with 5 pellets of the 
mixture in each animal. It remains to be seen whether or not these 
animals will develop renal tumors. Whereas the presence of cholesterol 
does not prevent tumor formation when stilbestrol is administered in 
separate pellets, as mentioned above (see figs. 3 and 6), it is conceivable 
that 80 mg. of cholesterol mixed with 20 mg. of stilbestrol will exert an 
anti-oncogenic action. 

The fact that renal tumors are induced readily with either stilbestrol or 
estradiol (fig. 4), estrogens that form conjugated products, while no 
renal tumors are induced by either ethinyl estradiol or Fenocylin, suggests 
that the oncogenic agent responsible for the tumor induction may be a 
conjugate rather than the original estrogen. Although there is a pos- 
sibility that ethinyl estradiol, in man, may form conjugates (3) nothing 
is known of the metabolism of either this estrogen or of Fenocylin in the 
hamster. Of these two estrogens, ethinyl estradiol, at least, does not 
appear to resemble estradiol in forming estrone and estriol in vivo (8). 
Since the renal-tumor-inducing activity of estradiol may be direct or 
through either or both of these derivatives, estriol and estrone are now 
being studied with respect to their ability to induce renal tumors. Since, 
in mice, conjugated glucuronides of estrogens have been shown to be 
hydrolyzed by beta glucuronidase (4) and since the concentration of this 
enzyme has been shown to be higher in the kidneys of mature male mice 
than in the kidneys of females (5), a study of renal glucuronidase in the 
hamster would be of interest. 

Certain similarities of the renal tumors to embryonal renal tumors 
suggested that age at the time estrogen treatment is started might be a 
significant factor in the induction of renal tumors, since nephroblastomas 
are relatively common in very young individuals but extremely rare in 
adults. Actually, however, age at the onset of treatment was found to be 
immaterial in males: 97 percent of 105 animals started between the 35th 
and the 77th day of life, and all of 11 animals started between the 200th 
(fig. 5) and the 300th day of life, developed the tumors. In spite of the fact 
that none of 3 males injected with stilbestrol starting on the 512th day of 
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life survived for more than 238 days of treatment, renal tumors were 
found in one of them. In females the situation is quite different, as will 
be described more fully in a subsequent paper. Experiments still in 
progress indicate that while no renal tumors develop in intact females 
treated with estrogen after ovulation has occurred, such tumors may be 
induced in females in which estrogen treatment has been started prior to 
the first ovulation. 
CONCLUSIONS 


1) The minimum dose of diethylstilbestrol required for the induction of 
tumors of the kidney in intact male golden hamsters is probably between 
0.09 mg. (subcutaneously implanted pellets) and 0.03 mg. (subcutaneous 
injections of saline suspension, or sesame-oil solution) per day, continued 
for 180 days. 

2) Either sesame-oil solutions, saline suspensions, or implanted pellets 
of stilbestrol, given subcutaneously, are effective. 

3) 0.6 mg. of stilbestrol, in saline suspension, injected subcutaneously 
every tenth day for 400 days (totaling 24 mg. at 0.06 mg. per day) is not 
effective in inducing renal tumors, whereas the same amount given every 
second day (totaling 120 mg. at 0.3 mg. per day) is effective. 

4) 20 mg. pellets containing stilbestrol and cholesterol in a ratio of 1:4 
showed little or no decrease in weight after having been implanted sub- 
cutaneously for as long as 500 days. They induced no tumors, and did 
not render males sterile. 

5) Subcutaneously implanted pellets of stilbestrol, or estradiol, were 
effective in inducing renal tumors, whereas neither ethinyl estradiol nor 
Fenocylin were efficacious. 

6) Renal tumors may be induced in males by stilbestrol treatment 
started between the 35th and the 512th day of life, i.e., the age of the male 
at the time treatment is started appears to be unimportant. 

7) Metastases, limited to the abdominal cavity, were common in all 
tumor-bearing animals. 

8) Both absolute and relative kidney weights were greater for all renal- 
tumor-bearing animals than for treated or untreated non-tumor-bearing 
animals. 
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PLaTE 8&2 


FIGURE 1.—Mid-sagital freehand section through a tumor-bearing left kidney from 
an intact male hamster bearing a subcutaneously implanted pellet of diethylstil- 
bestrol for 229 days, starting on the 50th day of life. The tumor and kidney 
together weighed 25 gm., exactly one-fourth of the total body weight; the right 
kidney contained several small tumor nodules and weighed 1,026 mg. This animal 
was one of a litter sired by a male bearing a pellet of stilbestrol and cholesterol (1:4) 
for 384 days. Metastases were abundant. X 2 


Figure 2.—Right and left kidneys from an intact male hamster bearing a subcu- 
taneously implanted pellet of diethylstilbestrol for 260 days, starting on the 50th 
day of life. The right kidney contains some hemorrhagic, cystic, tumor nodules, 
whereas the left kidney shows little hemorrhage. This animal was a litter mate of 
the one from which the kidney illustrated in figure 1 was taken. Only a few me- 
tastases were present. X 2 
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PLaTE 83 


Ficure 3.—Right and left kidneys from an intact male hamster bearing a subcu- 
taneously implanted pellet of pure diethylstilbestrol plus a pellet containing a 
mixture of diethylstilbestrol and cholesterol in a ratio of 1:4, for 349 days, starting 
on the 65th day of life. The two kidneys weighed 19,016 mg.; the body weight was 
106 gm. The right kidney protruded through the body musculature into the 
tela subcutanea with considerable associated hemorrhage. Abdominal metastases 
were abundant, as illustrated in figure 6. Metastases were found also in cervical 
lvmph nodes. X 2 


‘IGURE 4+.—Right and left kidneys from an intact male hamster bearing a subcu- 
taneously implanted pellet of alpha estradiol for 414 days, starting on the 50th day 
of life. The two kidneys weighed 5,169 mg.; the body weight was 106 gm. 
Metastases were abundant. (a) Shows the ventral surface of the left kidney (weight 
983 mg.); (b) shows a mid-sagital, freehand section through the right kidney 
(weight 4,186 mg.): (c) shows the ventral surface of the right kidney. X 2 


_— 


IGURE 5.—A transverse section through the left kidney of an intact male hamster 
bearing a subcutaneously implanted pellet of diethylstilbestrol for 349 days, starting 
on the 200th day of life. This kidney weighed 4,623 mg., the right one 1,176 mg.; 
the body weight was 102 gm. Metastases were abundant. Hematoxylin and 
eosin. X 2 
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PLATE 8&4 


Ficgure 6.—The opened abdominal cavity of a male hamster bearing a subcutaneously 
implanted pellet of pure diethylstilbestrol plus a pellet containing a mixture of 
diethylstilbestrol and cholesterol in a ratio of 1:4, for 349 days, starting on the 65th 
day of life. The kidneys from this animal are illustrated in figure 3. The peri- 
toneal surface of the diaphragm is almost completely covered by massive metastases 
from kidney tumors. Other metastases are shown on the body wall, liver margins, 
ascending colon, ileum, urinary bladder and mesenteries. 


also in the lumbar tela subecutanea and in cervical lymph nodes. 


Metastases were found 
x 3 
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